(j^a^) ^Lall ( JlL^ 0^(_y^^ <-\^ l!) 

0^£l JSy *v 



itjjjlj I LuSSj J lij - (jLoJ a ajkla ^ Ikk tjlk 4 J&Vl tali 

AjjJt-a |T I "'^ „' 4 .U^£ll dllcj > (_>ujl^ t_$\ ' <j]^a_iS JJ^I Lfrjj^ Lalj 

li£Aj 4 CjY^L 4_^UJI 

ojLjj JJ^Vlj AjIj^J; jii^Vlj <_LaAl JJ^Vl ^ liia La£ Clltj^aj^ jli liA (j-aj 
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Uj£j JjjLJI AS&ill diLajJI aJ Jjiiajj i-ujLj ^uj«JI ajJIIj £a._^a jUjV Ajjla_a i_it&]l 11a 

luj .^jjjxJI (jjiAj^-all A-a-laJ lilljj Aj&lII ajlj^Mj Ajlj^jjjllj iAAaA^/l IAjISjII Cllc-j > >\ jA 
^3 *j , ada aj 4 la ula ojjj^aj 4 .^ijja-a Aj15 jll I " ll j !aJ a ^il AjjlJaxll Lilll jj-laJI (_£jlill 
J^Li Sj .u£ A_ixaljj 4 iLaC i-i'M< A ^ jl_aj 1 i ajl - ^ ajj i ' ■ ll Jail (J j i ai (j_a (J i aj (J£ 

.Jjj^aill 

cr k. A^ixJI LS ^A^J\ liSLixll Ajs t*lLy V CjLjkJI (jiyc- <ji l.ipa. UjlJ ^jL t_itS3lj 

A_j ^ «'<' jl Cjjljel ^Ul AjjK all A_llaVlj 4 SA-toxll lalllj A.1 i-abjll Cj^LxJI 

Aaiu l£lmx mjj ( AjJ^all i*iKt .HI (j_a CjLa jLta ^jiL 4 jaj i Alila^]! £aJ^ajl 

A_alc. j; i a tig all t*Ui£j t *ljj$£ll {LA ^ AjjUj]! Cjljiuill i_L>Ua] LuLui 1 ■ Ljljall lift 
i Ajjj^all t— jKi nill £_a !>LaLaj jJaVl j»jjl p J ' (_>«ajk.l 4_aj la La ^%^ J 

(jl Ajkjj (_5-Sj ' I !a uaa (jj^J (jl AjjIjS i_JjLul ^Jl (.y^-JJ ^ ^-j.^i ja]I A-iaA^/ |>iajj • • (jal 
Ajj^aJI AjtUlj Aiiti£ (jl la£ - ^ la (jJm Jg aj| JJC. ^^ja, (_J^laJI (_£jla]l 1— 1ml '"' A_ia ojjjS *l>al 
La CjL_uAjail ^aj_a jx. jjaa.LJI ,j ; . si . ,-rs'u\l joajall (j_a (_paJ^C Uail ll^jilld I i iajl <dlxa. 
Aj (jjaj-ui; (jl (j S aJ i_jLj^1I (jl diVj .^j_ioi]I [_3 ^ JtoJ jl A_xJ (j_a (j>«-a (jj-^ (jj_ajii 
Ail ^a (_ialaj]l ^ji A 1£ ui a IjAaj (j]j Ajljjll ^j.^i j^] (JaLill ^AUtJIj Cjla-alaJI i_L>Ua 

.Ol^aU^ll ^ [^ijx^jjn j£\ AiBI ^ AiaLoUJ UjV ljIjSII 

iaia Ajjj«JI ajJII -1 lajjuil jl AjI^JI i_jj£ia Aaa lilj t Ajjj«JI ^ i_jIj^]I Iaa aJ<J 

j^jIIj 4 JU>a]l ll* ^ AiLJI ' ■ ijl aj!3 [paj jliia.^1 lAA uliii ml tJ J^j 4 Ajtlill 
^Ja t AjjjxJI AJtillj A_a^ia]l CjlaJiaj-a^ill j'-"' jxgi] (jn;alj3 ^1 Up?.lj3 ^tiaJ (i_)JI 
JjkVl (j-a A^li IUj 11112 jjj»Vl (J-^l>^l U-° 'JT .^il cH>^' S-llj^l AJlI CjjLwa 

jii£l Lajj ( Ljj Aja. ^Jc ^jJc. (jj i ij^ "II t_ilc.l jLk^a ^^illj Ajjjlaj'VI AjlIIL dllaHajuaxllj 

.Ajj^kJI dllajl^-aJl (j^i JJl1£j 
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(cs^Ua- Jjxa-« .J.!) Ajjj$£]I AjlaaJI 



AjillL) ^lk-i axil i_u£l J ^1 : Laix (jiiilil £--a-^ ^ij^ 3 (j- 0 JP^I <^- a ^ (j^ ^ J 

4_j2 (jjSLi i lillj jjl dlAaj (j^lj . i—AjSII Clllaijua <J£ ^ lillij A"i«-njp (JJjjjjS U£L9 ^iV^ 
(j-a A_ll]ji £_L^alj^i iaia <JJ_)*]I A_aajj]l ^>AaJ ml J J-«^/l ^j-J jSiLuil . jI_)£j]I (j_a 
dilai . ^ i i If. 1 ^^i A_aajp (jjAjj ^.jjjiaj'yi A-illL ^lla i axil j^j ^Ll J ^ If- t 1 ■ ll j£ll 

: LsUt^U. AilS ^ji a ^ v^" , „ M <i£>Iall ^ aJj^UI s aa j] Aaj tJ Jc u'^,' ^ j ' sjIjSII 

lie A_uj*]| A-illli e tJ _w J£ Q>Ai itLuiVlj t A jjola-jVI A-xlll) i . 'j "< * ^- J ail i—iL&lli 

A'W u) jAj i CjlaJiii-a-all 

jjluJI t jxjja i . <"<" Overcurrent Relay A_aK J lsj^I ^.v 
„aa i_iLijSI ^ J^aaVl AjV Overcurrent Relay aJUJI oa% ^ aAaluijj'' : !>lia Jjij 
.'iUIU , axil oIa J a£>JI IliA . " ...JLktVl 

A_i-ala. AjjjxII Axajjll jljSj (j^i *^A] oel^all (J$-ujI liA (jl [_gjlall la-lj aj ^.Laail A^jLt« 
Cjl^ajj_all A_j ' " ' i ajl La jA i_Jjlui^/l liA (jl Jl ojUS^/l jA^jj .Alicia (jj^ ^ "Laajpll (jl 
.AjjjxJI aJjAII ^ AjxLkJI ^Allall i—JjjatJ 4JjlaJ ClA4C ^jill AjjAsJI 

Ajiilall AjlSjll 

^jl ; i ai j t ' " iVj a allj t CjIaJ jxll ^j-a A a i aJ l_aj t A_u^S]| A£j_ijall j ..-iLiC A_iLaa. ^i 

.^JJ t (Jiill Jajlai. j i £jjjill 

A_iLjj ^^i £j i ala a <_gj-i.l j»jlji 1 ■ lljSIl A-iLjj ^^i o^j^kjxll A_alx]l ^a.|^a]| A-ajla] dljjJal A3j 
A-LalxJI CjljjjAil u& l&Jjij A3 (jlS t_ii^al] S^L" ^Ai 2 ^ <J-"^ t5^^ J^^-^^ Lp 3 *^ (Jj-a2 (JS 
LgJ (jjllj Oi>^^ AjiiAaJlj A-ajAall lijLajVl (>=>*J-I Ail_Ja^Li 4 A-LaJUl CjljAJj^Jlj 

. Ajj^luiJ (jl AjjJ jjx] . (J - aall ^-_ajJa^aJ 

jLLa^/l jAS Ljjc djAaii ^1 jj-alixJI Ail£] jj i all L_ltjSll Cl^jj LaS 
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^JL-a jJ j j) i 4_j £&uj ^aic- ji 4 AjjI^ 4ijj-a V) ^lsfr 

"<U jpjj 



.m^^^m . uUill life j| J^L 



2006 ji^t-SjAlSl! 
mahmoudgilany@vahoo.com : t_aS>JI ^ Jj-Jjji] 
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(J-avlj l lift jW^j cs^ ^jj^C^ (j-a LSJ^"" 1 O" 3 ^ <J?-"" <j' J J' 

diLajk^llj SjjLJI oLiaUJl ( www.saydsaad.com ) J**- aum jjAall u»Vij «ll 

jllulS/lj IjftjJl Jj| jiLaC JJjS-llt itLalVl Jjj-aj^l j'Si'MIj ( l$J ^jj^ol (jjll 4 ojSII 

ijfra a! liUjlj ojAlall 4 mAifrj ejuluiVI (Jjl^ flfrj SjjiiSjJIj 4 £)tj*iaj cS^J JJ-*^I 



4 S^ISJI <Lui.%J iji^a AilSJ ji^illj AajjI <jt <_j.lt LI)] (jl£ lilj 4 (JL_a]l lift ^ S)±aJI 
djIjjOllj i—lj^j <aL all <lsj]a dlljiui Cjjjlja. (J Jc 4 tluj^Li 4 (IjLuutjjJI 

^Silalla 4 sljjjSillj jjlui^l n\\ JjLuj ( _ s Jc tliSjjjjl (jj^ll yJ^L) J^^-J j^-^lj 4 
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JjVl cUali 

^ ^J^j j diLixjoLuji 
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1 

^cjjj J_1ja3I !j_£j l - 1 uill j^-p L-a£ t5j-all 2 

4 Synchrounous Generator (>l)i«ll <>« La sjL&jAj t *L>$£1! 
^jju ijljill i^a. ^Jjj Transformer Jj^L? Ijjj-a 

4 _ s Jj t J-a.V (j-* ^JjiLall Sjdill .laa]l w ' <a Sa (j-oj jl-JJ^ Q 

(Overhead (^Jc. <J j^^o (j_a£j La) LJlc. tSjjall Jaj Ja jLa. Jllj 

^jVl 5-jj3io c£U_£ Sjj-^j ^ jl t Transmission Lines) 

Xc y^^i (JSjll >lai. ^jju fii t j^all Ja.ta V (Underground Cables) 
fja (jJj d^sJI (j^^ ^ Distribution Transformers d 

4_CjIla ill! &J<aa aJ ^ g 4 Cj^IjL^]! j-a A^J (_£}La. j-a ( 0 Uaii-La ^ (j 7>) ^ jiK , „U 

l$_ja*jj 5-4jJai<JI _^L& Jajj ^ .Distribution Boards ^ji>^i CjUjIII ^> 

JSjill c^kajui j^Jaj ^Ij t BUS Bars ^Jjjjlt jU^j ^^AjuiJ La 

(j_a£j jl 4 A^aJlj jLilil a i la a ^il] 1 g-Laajj lAj i <al if- -j*- aaj J^liuJ 4_iLi.h 
(j_-a 4_jajLaJI c-lj—aVi lc 5 j^aJl J_-al_a*J! 4_a_£ij 4_jajla. 

JLLcVl mU-V J^ll 



j t 4_ilij jll jiala j_^aliaJ J i afl]l lift [j-a yjl^II <j-^ O^H" H 

si* i_aUu£V 5_jl3j3l ij^J\ l^aoai^ ^1 Relaying Signals cjljLiVI 
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^l^j] j^itj t Protective Relays S)^J j^il *LlJj t JlkeVI 
. ajISjII ij^S jjjj l^jjj Ai^lj t Circuit Breakers ^Lljs 

fjjj ^1 <J$j\\ 2 ajj^ia ^ aj-ujLuVi ^UJI ^aV o^j- 3 " crij 

.<Lole Aij-^aj Ajlijll 



Doha Generation Station 



20kV 300 kV 

A A 




300 kV 



132 kV 




^"GEH> 



SLBC M 
SLBCM11 „o^, 

nkv -n- 



CH2D-D--D 

ch-GD-n-" 0 



SLBY A 

SLBY A33 -| 32 |<y 

33 kV „ 

n--n-GD— □- 



-□- 



ABDYM11 

11 kV b-GD-n- 
o-GD-o- 



ABDY M 
33 kV 



-o-GD— o 
^-GD— o 



PEE3 M11 
11 kV 



PEE3 M 
33 kV 

'loH^D-n-Lci— 



n-GD-n- 
o-GD-o- 
o-GD-n- 



SLBY A1 1 
11 kV 
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JILpVI uU 1-1-1 

(_>iajVtj la a (jjj jl 4 (jjJai. (jjj (jjLxitj (Jlljia. j! 4 O^J^^ ".' 
(j-oj 4 AjjjLuiVi J>*-11 jW^j 'J-^ <j-5) tS^fi (j-^ <—jLvuiVI (j-o lilli JJC. 4 

J laaJI (j_afLl A3 La£ .LaA^ilS jl Ig^aJI jl jLii5i ^3 ^ ^ "J. 1 '" JJE- ]>^*J CjJjaJ 

jj^j is j t oj>\±S\ CjX^j t_u i nj Open Circuit 

. Over load ajI; ^} Jk*JI 



JUacVl uLLoj 2-1-1 

: jLk&Vl <■ Vu^i"i La LJlc.j 

; JLuJI jjjli Lojja 4 <JL*1j SjjbJl Phases ^ UJa - 

Single Line to Ground. o^j^L l^lj Lkk 

Double Lines to Ground . o^j^ f u^ 0 ^" 

Three Lines . I** ^ui^lla Ja 

Phase to Phase . l*-a jjlai. 

Three Lines to Ground o^j^ f Jajiaa. di^j 

JjVl ^UjjVi £l jjVl ilLaa 4 Phases — 51 oh ^j^5 UL1=> <■ «j ^ a5 L£ - 
A^aJI j jLdl f£ jV Unsymmetrical Faults ^-SL^ jjc VUati C5 ^j aLLJI 

ala ^ Lc ^ ujjS ail J Lxll 1 ai 4 J-^-V Phase (j a alikj 

.ajjLAo Phases -51 5^ ^j 1 ^ 1 j ^ jV Symmetrical Fault 
^ 4 Phase Faults j> Earth Faults UjUtb JLLcSn <■ Vi , ^ J j - 

1 4 A ala .all JJaaJI ojjb (j-a O^j'^ UJ^ (_ji5l ^ jj5l EF jA J J jVl 
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JJa*il s^b ^ U c^uJ o^j^ 1 ul-3 Phase Faults >*j c^^ 1 ^ 

.Allien 

' Transient Faults 3 jh-sl j^J j t Permanant Faults 3— jb JLL&i 

.J^all 

4Ji jit 4-a jlaia j^aUfr 2-1 

Ajla j]| A-a jJila AijJij 1-2-1 
<Jjj.li. £_Lo ill uiA 4_jli jll <Lo j^-'" Aijlaj (jl ^jj] Vjl Ua JA»ij 

(Jj-a3 ojbjil (jLujjl jxJ t lg-}l£-aj LgJjjlai. (_£Xa Jj^Jj JUacVI l_fiLjjj£l ♦$» 

ji t L^ia t_i jJJaJI Circuit Breaker 3_uj^l £_LI jill Trip Signal 

liLli j t J ji *n I I jj-a LgJtia L-Jj l!-i^ll £_L| Block Signal SjLil 

. Protective Relay -M-M 

. <Auillall ^Jal jllI £J3 5Ja^l ^ cdlij t iala JkaJU ojjlloJI j>A'm\\ J jc. <♦ 
^g-S 5_;LiLaJI 5_^a jiala j 1 ^1 V. j 1 k-i-n I (jl (j-^-aJ L_ijli . >i jj]| liJi cs - ^ <1 ^ — 

Protective Relays PR s j^i - 1 

Circuit Breakers CB iuj^l SjiWI ^LIjS -2 

; jA j - aj«JI I^Aj t jlijl jaJ (JjiaJlllj w ' all <jLaC I^jJ 
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and Current Transformer CT & VT : jL^I j ■H^ 1 -3 

.Voltage 

tJj ' -* a '^ j-a -^j-^ C5"^"^ Jj-aall Lo^J w ' a i as '« L_S_axu2 jLiillj ^ ^ II dlVai^a Lali 
dua J^aflll 11a l>?^J-o lajjui IgJ ^Aaj i—Sjjoi CBS 4_jj^£]1 SjjldJl («-ialj3 Lalj 

S)^Li LuiLuol ( _ s -jatj (_5iJl t l_iLj^]1 11a <jL]ai ^jLk 1 ^— ^lj-^1 u' 

lijjjtj j Circuit Breakers <-alc Sj^aiia sijj Ua - aSiui 1 "«<i t Jaaa ajIS Jl 

.4j\ii_Jl U£LS ^ C Aid*]] 



jll jlala j^aUfr 2-2-1 

JjkjJ '"' j-*- i 4_jj^£]1 (_£j-a]l 2 ^jUi. Jib Sjj^a ~jj ■ aj -l^jJ 4-lt3_Jl 2 .jki. 

oJjjkj-o t _ s -g-3 JUJl <JjJ-"i ts^* 5 ' ^-iiLaa. j ' J^ <L^ai-o Ajlij 2 
' Generator J£ ,*-a s^>jx l$i L£ 4 Transmission Line J£ Mfrjj 

J£a . 1-1 JLill jaLL ^a US t Transformer J£ ^ sjja^j 

(j^o lilLiA (jj^J-ui (j^l 4 4_j 4_i^li A aJala <J lAjSj JjjLiJl j-k-aliatll 

oj-g.a.1 ^ i >ij j^J-Jj . Laa.V (JJJ'J 1 " La£ 4 ah-i, *U 4_jlijl| clll aJaia J^aC. l _y_i J3 ; . /nil 
VT j CT jll-aj ^JaljSlI jlla Lai. CjLka^L jSaill c_i > Jib USjll 

GIS 4_e J"f a tj-ajJa <Llib jl <Llijli]l lllUaa Jl ^ La£ <Uaa^Jl 4a.Lui ^ Lai 

.1-1 Sjja^JI ,^3 La£ jLJL <ljj*-Jl llllk* Jl ^ 

^liJt ^Sljll ^ JiaJ l-l JiSJI ^ 

Relay + CB + (VT + CT ) Jl Jiaj <d J 4 U5J1 ^La^iaiJ $2*311 

. a-ia a 

GIS '"^ laa a ^ _J1 j^alic <£. j"-^- J LSa 11 JSjuill j g Saj 1-1 ~jj ■ allj 

j^»il ^^Aj SF6 <ljj*-Jl 

I^j-a ejj)i «-ill 
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Circuit Breaker (CB) 
Voltage Transformer, (VT) 
Current Transformer (CT) 

*jj ■ all 4*j3j]I liCLuiVl iaa.V .<£ilj]l 4jli_jll A ajJalc j i if. AjSJ (j_jlLoJ ^Aj 
o-l»J 4_^aLk <ijc. ^ LJlc £_JajJ ^^jll 4_jli_jll i>^' <j-^j ^j^jL^VI (Jiij ^^jll <j-&J 

laa all <a.lui (jc 

Earthing -II s^c-Luiall 2 ka oil j^alic j^ju Sjj^all ^ j&^'j 

. Busbars Jl Switch, ES, Isolator 




Circuit Breaker 
Current Transformer 



Isolator 



Bus bar 



Voltage Transformer 



Earthing Switch 



GIS <cj^] Jiill 1-1 
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Relaying Signals J^Vl alj— A| 3-2-1 

lh?*J Jt?*^ ijW^ - ^ <— J-lc.1 jLiillj Lg^aJI (jli SjjIaJIj JJaC (JjjAj^ .lie 
— i g \lj jliill jjc. — t^J-^l ^JJ t£3Li& ^jjallj (jSl t AiLuuSlj Aiutlo (j^-aJ Uajalo 
JLLcVI ' al uSSI - laJ ■ aJ ^pll CjIjUSVI ^-jft^kj t JUacVI lijj^a. ^fj"'"' jjiijj 

:Jlia3l (^k. l^oj (Relaying Signals)j ,^4^ 

.(CjWjJI SJU. ^ Aj-aU. i4j2 (jjliajj tiiiaj SS) Spall jjj^i »IajI □ 

.(JkJI Up Ji^ J) PhasesJI ^ Jl*a.Vl ^ □ 
(jLLo jjii l^laja jjiS tiija. Circuit Impedance Z SjjIaJI jLtj Ua □ 

Luojj I "j','.' J" 1 ^ jjijll) Lo j i ajxl gjliJI jliillj (J^-IaJI jLiill (jjj , j jjjt □ 

UjJC-j □ 

.^iaiJI 4_2kp (Jj^J (jj Ojjl-lll (Jjk^S ■ . '^-J ^aJ (jxj 4 <luljpj 

l^lij'lj Jyiijft Sj^i £ljJi 4-2-1 

oj-g-^l (j^o ~l J, It 11 - j a ■ aJ ^Jj .133 CjJjLiiVt (j--o A alia all ai& ^^-It ^^-jjj 

t _ s -lc- (Jaj ^ijj jl-g-a. <J^ *Uafrl t _ s -ic- (jj-Sjl [jj ■ " ^'g all (jJ-J (J--<sl*jll A jjg i alj 

ANSI Code -11 iy= U-*^jls MM w?-^ f- 1 ^ 1 _ 1 Jj-^'j 

.odAiat* <ja11c Ajxuba CjlL^aljx LaAj IEC -11 Xijla odAi»^all jj-ojli lilliSj 
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(J- 3 *^ AjjuAjSII 1 _ 1 JjJ 



Description 



ANSI 



IEC 60617 



Description 



ANSI 



IEC 60617 



Overspeed relay 



Inverse time earth fault 
overcurrent relay 



Underspeed relay 



Definite time earth fault 
overcurrent relay 



5.-.V 



Distance relay 



Voltage restrained/controlled 
overcurrent relay 



5JV 



U/l: 



Overtemperature relay 



Power factor relay 



Undervoltage relay 



Overvoltage relay 



Directional overpower 
relay 



Neutral point displacement 
lelav 



Underpower relay 



Earth-fault relay 



Undercurrent relay 



Directional overcurrent relay 



Negative sequence relay 



Directional earth fault relay 



67N 



Negative sequence voltage 
relay 



Phase angle relay 



q > 



Thermal relay 



Autoreclose relay 



Instantaneous overcurrent 
relay 



Underfrequency relay 



><:;: 



Inverse time overcurrent 
relay 



m 



Overfrequency relay 



Differential relay 



25 Synchronizing Check 
52 Circuit Breaker 



40 Field Failure 
86 Lock out 
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Circuit Breakers glaljill jfAl 5-2-1 

(^Jc Circuit Breakers jli La 4JLkLa ^ J_Le di Aic 

ciLljj t ( Relay) 4_Aa_a]l jW? u-* t)L>SJ (^-^ *-Lj ^ c 4JLkia3l si* ajLOj 

(jjj_a]l) j_A J a*]l t _ s _3 1 a i '"*- CBS a J— A 4_^ljJ_ui 1 a j iaa jj 

J£LLo 1.1 1 in jl (j^-aj SjljjjiSI sIaj t CB -11 <j4>^ ' '"''"i"' <^ll (Arc ( _ S -J^$£1I 
(jli Cjj a"i i dI IjJ Lgil 1 ■ «aj) 1 g ' aj i (j\ju u>\ (JUaII J^-" 1 (j-^ ^ c ' *LhA^ 

JUlbj i Breaker Poles ^lill sjlLat jL^I 

jA : l _ s lc- Uja-^t JjajJ ^laljall (j-a oJj^C ic.l_jjl lilli^i Cy*j . lsli-» (J]3i 

.CBs -SI ^ a&&\ lj^a*J LaJj t 4_a$_a]| ei^S ^a'lVl. nail <ajjla3| ^ 

: dupl ^bVn nb CB 

4-alc C^jjlls t ( 30 kV) ^ ^qViall A^aJI Oil-CB ^iVi.in 

I (jjljJ dlljill (_><a*J (jli <J3 ^l-C- J^j JJ_>« A a Jdj djj^l d)"** ' "J bs-lic-j . -ll?. Jj^ 
( _ s Jc JiaLaj ^Uilljj (jjLla ^jc. JjIj ^llJ; 4 la a (J^Jj t (j-^^ <J3^ (J-^J 

■ . 1 1£ ^^ia. (Plimp) 4 i a a tliJ^I £-a - Ikj i "J (jLj^VI |_>^*J .AjJjlc 

A m 1 

: f ij^si cb 

ijc. CB j^j *l>frSi ^sa! Air Compressor JacUja ^iVi.nj dua. 

: f lifSI (> CB 

t CB -II t^jUaaL 2 Uj^ aj| 2 aklall 1 ilka «.ljJs Aa.jJ V I1a Jjklj ^ 

CB Jl Ji.b Mj-^ <jj^ 1^1 ^ 6^ • i)!^ 6^ <^l^kj 
(j^ju ^.iVi.in (Vacuum CB) £>jJ! Iaa t cjjd^. ^1 ^jjj <j|i 

. Jaxu jlaJI ^ 7- II Jj^a ^ Ljajl (j^lj lllUaa all 
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. SF6 \y\^\ ^2al3 jA Loj-ac JUJI IfraJI llllka aj jJjjll llllka " ^ 

: SF6 JSJlfc ^iJii-L CB 

.(CiijjSII ijj^ |_>«jLuj) SF6 -11 >a CBs -It j^a 2 a^ki^l diljUJI ^Ijjl j^ij 

(Jjl_C J 4 ^l_ul J-JC. J t J»* Ul^l (_J_jt3 J-JC. (SF6) — 51 jl-C- j Jfl'lJ J 

#.Lj^£1] «-lj-g-5l J_>c- (j^- <^jl>« jJic. jliJI 11a Jj^- SelsS Ajjj diia. 

• ^ * t IjjIlqj^ ^j q "« i a * ^jlc. Ia^jI^Aj i ^jlc- II h* * 
jj^aliaJI jl^j LadjatS i elj^JI AicjjjJa (JSjjJ . 4i_)iJI Sjl^ 4-?^P 

. aJIc SjUa. a^jj riVi ( Lime Stone ) 

slAj t SF6 -It Cjljj jjLj (jjj (_S4^J 4_j3 SjUJiSI jl jLatll li^l ^Alj 

diii fjl jLiJli ^LjIIjj . SF6 2^Ais SF6 djhi ^» a 4^jU1I CjUjjVI 

.(aJUJIj SJ-Lujjla]!) IjfraJI CBS Aia 

jjjll dlliaa^a]! (jli IjJj t jLiil t_Jj-uij <Jjj.la. Ajc <Jj.l^J od-l^j]! ^ 1£ u5 all 

J-klj jliJI Sai ■ «a (_gjj i ii « (j^o Lajlj .l£li]l ^^Jl ^LiaJ (Jj-a-ll (j-* IIa - laJj ■ ""' 

— hi i >i ,_paLaij! JUilbj — jLil] t_JJj_uii I jli t Jjj-«-a]l j i aj» II 

t<lkta i-al^Vl j^j Short Circuit I^jjj ' Aia_Ja jlill ^^aLui 

t IjL) Uio ^lalall JUjJil ^_La3 S)jldJ Jjjj 5JUJI siA ^ ^JaljSlli ^lljjj 

SF6 -j <J jjatJI Busbars -11 Cy j^' mj>^ i^aj ^ LSa II jJaiJI j 
Short l$Kb jl 4JUI sIa ^ t GIS -j <ijj«-a]l tiil^jll ^ 
JlsJI o^aJI t-±jSl g>?.jll u^j .Sia.j3l jlaii! s-i^j Phases -II o?j Circuit 

IjA CjLoUuaI Jjd^. JjA^jlidll sjA jl dua ^JaljSlI algJ Ajjflll Jja^jUj]! <ijatJ 
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CBs ^IjAilj *Ajl! OA? ^1 6-2-1 

4_3.ll JUacV I J^aS 4£j-ui ^ 3_A$jJ! J 4jta j.1 (j* i_S.-£-l jla U1S Laf- 

Jl J - ai SjLij J^yjj Jk*JI ■ aJSSj ^ol! Protective Relay -11 aU,>^ lilljj . 
Relaying Signals -j i-s>*j I* j-« Iajj ^jLuJIj . l^k ^ J.I CBs 
Relay -SI ^ ^ <■ Current/Volatge Transformer ^Ua-Jjj Relay -II J] 

CB ) ^-Ll-i-l Jx«a. ■ -la Jl J-^-a- SjLil JU-jj-J ClIjLiVI O-U 4_Jj._ Jc. <iUj 

. 4____a ^ ( Trip Coil 

Overcurrent Relay 4_i ^s'^ 2-1 J^l J ajLuJIj 
Relay -II (j-ku lU=>c- lS^ <il-^l -i-ic- Relay J! 11a ^j-iu t Inverse 
£lL ^ ^ili 4 CB Trip Coil Jl J-p J-^y ^ c>j ' Contacts 

-M fSj uls ' 52 >a ANSI code Jl lii CB J J -l^V . CB Poles 

.1-1 JjisJ] UJa 51 ja Relay 

Jj-aJ 4jlii_4.l s-^Li (j-ojJ' lj' (_s"*J 4_]____iL<s ~ liA ' --a Jj 

^lii JL 20 ^ j^. ^ij t li?. £iyx S..U-I J ^jjli ( Trip or Block) jlja 
_ll JJio Relays -_ll £-lj-i c>a-*j ^ Delay Time 4_j| ^-al-^aj .li) Jil jl 
SjjIdJI £ji ^UjV ^Jaliill Ai^iiuLi ^ll (>j.l Laiu < (Reverse OC Relays 
JiLoj (jjWjJI fl-^t flj t ( _ s -ii* 100 Jl 50 (jjj ^jIhj j ' u-° j^I 

. Fault Clearing Timeji^l ^1)V J*i^ ^ j^l 

4 1 ^^Jia. j Jla*JI <Jjj.la. ^ya IdJJ ^ill (j-ojll '• j}^" II (J^ 4 " (j-^) 

jia. JJa«JI djjA^. <JaaJ Relay <^.ti^j <jl5l t>j-^ cis 1 -^ jAs -CB. -11 
Relay -II o^^ti iaij (31c. <JaaJ j^) CB j-*) + (Relay -II -kij j^le 

.(CBJI i)l>^ jUil >1 
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Bus bar 



Relay 51 




CB J J*-a Sjjbj Relay J 4iX<JI 2-1 J^S 

ffciUI £ia CB J! J^j Jla*JI Relay Jl Oi£l jl I jit 7-2-1 

. <_iL^l jl^ <> <GL^j ^jII Trip Jl SjUV ajUi^VI ^ J^ii ^Uill ^ 
Breaker Failure, (^^y o- 3 ^ jU^ ^"'"'j l*jl^a aKAJI ai& J^J j 

. 3-1 J^l ^ *Lc i£a j^j . BF 
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CB 



CT 



-m- 



BF 



I 

n 



Breaker Failure Jl J^c. .kki-a 3-1 J^> 



o^ij j CB -11 Trip SjLSJ J^jj R ajU^JI jl^a. jli Jkc di jaa. 
jL^i. jli BF -II (jJ] SjUiVI saa Jjj-oj -i>?-AJj • BF -II ^1 SjUil J-^jj CjSjII 
tPa. CB -11 (^alSlI t>_>ll J^l«j SaJ ^jUJI AaJI ^ Idjj <ii.loj Timer 
ligi cJJI li& Jjs ^cii CB -II lili -S^jIaJI ^la j-a UUj ^ ^Vn 

CT -II (j-o SjUiVI ai&j t Ijii^a £±k*alui jliill Jj^o jLall jl-jJI (jl <_5-j*J 

i£hl CB Auxilary Contacts t> lSj^ lA^j ' BF Jl J*c- UaJ ^ 

. J-uJI jc BF Jl t^aj 

Udj*i <J ^^jll a*1I (>» Timer Jl cs -^ijlj s^l-JI ^ia ^ CB Jl J-^ !ij Ul 
ju.„u .ush a Ai.H kjks, II a«K Trip SjLSI JLyb BF Jl fjL-. 

.3-1 JLill US 
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Protective Zones ajU^JI Jjlalia 1-3-1 

^rl ».-iJJ i ZOIieS 0 JJ» ' <~* jajoij 4_lJjg£]| jli ^g-LaJtJI ^51 jll ^ 

jl 4 /iKol £--a i ^g-joiLoii JJ^ -1=^3 ejjir > 4_al»ia]| a^A 4-jLa^. jA 4jI£ j]| jl^a. JjJ 
dllc ja-\ A\ a^A jjlsuj ji t l-^j j / jhl frl ejjj^aJ (j^Ll^' L>° ^* ^J^H (*J^ 
5_iLa^. 4kLala <1 (JS jli LLac j AjLtaJI dlLi.jJ j^lci jLajJal A-ilS jll a j£?J L>° 

(j-a ^c-iJalj jA La£ t jjlla^a jjj £Al Jai. <JS i <J j^-a (JS (illiSj i 4_j A > ^il 

. 4-1 J^JI 



Zone-2 



Zone-3 



Zone-5 




Zone-7 



Ajla jli ^La ^ 4jla^JI <j]alia ; 4- 1 J^i 



(jaSI JUa&Vl t-JjJ J j'i ( Zone-1 ) 1 f^j <ikiJ3 Ajli jli jl^ai 

(JUacI j£. AjjoiLuiI ajj > >— >i (Jjluba 2 ^ aJalaU 4-iliS _all jig-?. j»J t ^ _a-a]l (J^.b 

cs-^ cs^' J^acVI jc. Jji^ 4 j Aikiail ajISjII jl^a. I jj^Jj t Busbars 
cs-a <iiaia J£ jl 4_k^.!iUi ^ . Transmission Lines 4sUaJI l& 

a, mi's l _ysjiu tilljj t .1^.1 j jig-? (_>"Jj Aji5_3 L>° es^"""^ £^ CS^ 
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4 * 



i <jLa__| _jj_LLa jjj (Overlap) <J-^-j J j*- j _>~ 4-1 

Busbars 4 (jj-ali-a *-1-a uj^ 



Main and Backup Protection 4jU_J1 2-3-1 

4_lLv_. ^L__ -■ I > _)1 1 i >ij\ A &aJ La 4 akla] ^—-UJ^)]! 4jLa_JI ^Uaj t L\J j^ali. 

4_jLa__l - fc' (jj ni'n 11 Xc\ ji i_ll_i& (jj-% (ji J-^-.-J t (_£^)__.l (ji-ii 1^1 ^ l-il jI-n I 

_jl t (j-a j-ll (j-» aj-J3 Ajij Jala _U*J A j]-i l n-s VI 4jLa__l (Jxa-i 4 ql"i-^ , al l 

.(J]-J-l L_I__J_I (jc. 4jL_iYI 4jLa__l j^c 

J i__.jj_s_a]| (J_ka.il oj^ijS ajj___J <Lj_aljJ_»YI jll 4_j_aI jj-p j 

<J-- M ? j%j -Ua»JI ^i__j_U Relay -II f jSj UL»_.li t Breaker Failure 
t> 'Lxi-j CB -II cs-3 Ji_o UL}_.i _i _>_J * CB -SI _rJ] Trip s jL_l 
£-i <-l--ll aj-A (^i j 4 Breaker Failure —} _r*-^ j-* j ' J-»*JI 

4_A_ jll jl j_l aijfcj t J Saa-all xJaLHI l__g_ 4__i-i_J| Ja j kaJI ^ lr. *_J_I jHI 

Directional Protection ^UjVI ^lljll 3-3-1 

la —a 4 a__> "II 4_Ais jll a j g a I (J— ic . (jjj _j ; • ——II — ■ J i a I 4_ij^__I dllf L— -I — U— i *^a 

ej^J jli F ^-kaj -ic JJaC -ic <Uli t 5-1 JSL- _JI £ j^-jlba t 

Luji (_3f-u La] 1 qikj t l_jJi_i. (JJ-aJI jLjj jjjJ (JlaaJU Lg__ jx___u Ajli j]| 

. J-«a R3, R4 _L__ a_& _H__ _ij t i=_a A_k*_JI ejj|_ll J___ ^-11 
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Rl 



R2 



R3 



B 



I 



R4 



R5 



R6 



D 



ajaUjVI ajISjII : 5-1 

(j-aj 5il_jJaj 3t mjl (JJ-Ja oAju Rl R6 (J-a& (J-J^J 1 Vi^oj UjL Laic 

J_k*j| jUia R2, R5 ^ ^SJI ^ « WJ] Time Delay 

( _ s _Si\ 4ii moll j jLjjJI LaLaJ 4jUojj \ a$ La (J£ L&ljJ (JlaxJl AiLousj t LagJikk 

R2, Jaisi jl -uV t J»a R3, R4 Ji^Ai J ^lP o^j ' R3, R4 *l 

liUlSj t B — AJa^all j_a Ja j kaJI 4_1<L t jX. <_jisull J ^gj - » ■ R5 

4 ^JaUJl JLiiiVI t> R2, R5 ^J^ 3 J j^j t> .^b jjAj C - 
Directional jll Iajx aLojcIj J aL?ul aj^j ^ 4iLj]a]| ai*, j 

.ajISjII aj$J\ (^a Protection 

Saia ^JA-H JlaxJI Jx^aij jl AjLa^ jlfra. ji a j$ial! !i* Aj^ail^j 

£J-*i ( -> n . i) j 5"1 (JS_ii ^g-h uiVI aLijV -^-^ cs"^ JUacVI <_JJJ ) 

V R2, R5 ' 5-1 cs-9 F ijc J-kc jA^ t Iaa ( _ s ic-j 

1 ail) .1 pgUr. Ji 4_jalaJI 4_alaia]| ^ Aji liua t Iaj! (JIaaJl lift 4jjJ 1 <ig i^oj 
jjX. *Uj*1 m.a J > j i L^aLai (J ]-iir II IaA \ * (_£^H Rl, R3, R4, R6 

.Ig-ilJ LajS (jjmYill Ac. I jll lifL oAAa^a 4^-jAJ 

;LaAj Jj^aill lAA (j-a JjVl *■ jail j^fl 



Forward Faults 
Reverse Faults 



« Rl, R3, R4, R6 ^ ^ 5-1 J^s (F) JJ«Hi 

.R2, R5 <jJ] lU=^ Jfi*J JlaaJI lAA jjiSJ Uiu 
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Internal Faults *jk.ta Jlkc! □ 

External Faults JUae-^ □ 

. 4 m a AjIa^ <alaLo ^jli jt (J 3 ^ . b' -*' a *^j 

.16 ' 15 Relays-11 ^ 
jt t J_kJ! c_iUSi£! kL« 15 ^aj ^UaJI cUa A-SU ^ij 13 

.9 i 7 aJj Relays -11 5JUJI ^ i L«jV s jLir^Sfi <_A3j]| 

Gl CjIaJja]! (j-o jliili ^tJ^H 3 ^ <jLai^ (j^iLoju La^jl Jaja.V 

.Jl-J! JJG2j 

t_JjiVl Igi! ^Cj JJa«JI li$J pi 8 J 10 (4j aa, \l jl 1 > >tjt Jaa. V 13 

jUJI jitf £_i<J L^j UaijjJI CBs -SI jii r jl3 2, 4, 30 pSj 



24 



G1 



G2 



B1 



><1 
L1 



30 



><3 >'7 



L2 



L3 



B5 ><4_ 

L4 

*2 >C 6 



B7 



.50 



G3 



B2 



B3 



X9 

L5 
'<10 



■ 40 
X11 



L6 



B4 



B9 



G4 



60 
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B6' 



X 8 >'15 
F1 3 * 

>'16 



>C17 



L9 



B8_ 



L10 



X18 



>C19 



>K 12 
13 

L8 



X14 



B10 



jiifkj Jlla 6 _ 1 J^S 



Reliability AjjUifrVl 

^ <_ilc jl ^ W a j Reliable jj-^j jl <^jJI ls* j-* 

^(16) ^jIS jll jl^?. I jj (jjLoill J*S uill ,^3 t l^k.1 j* *<u^ (^jII 2qjU jJ) 

. tjjiSatiU ,jA*JIj Unreliable <jl Jjaj Ujla Fl J^ll t-iLiiSI 



25 



Selectivity AjjUIVI * 

cj jia. djc 4jf c_a jjj^I j^ 4jV t Relaiable Relay Uj^J j_£i jl ^^^jV 
^ j£] t Reliable JUll? ^ J-k^l < <J1J\ s>*J <>. j^Slli J-Le 

JIajJI IjlA Ja jjij jl (jJc oj^UI l$] j^£j jl f^oil Lajlj t 4 a ££j jl Jaia 

dll AlaLall ^aI (j-aS ^Ulljj ? Ig-ic. 4-^ j»l ^ & <alai-aj UjXaC JjJa. ^ £41 

Ja : jlikj jl Sj^SlI 4J jl (jjauaj t Selective 1^1 j_>£j jl 4jl3all jl^sJ 
<^i3 . Selective jIjj^VI <jJc. s>^I <J <i I^aj .? V ^ ^Jalall lj& J.^j 

S>gjJ J£ LaJ; <J jaLJ^lJui Fl J-k*]1 jli 4 JllaJI Jjajui Ls h- 6~ 1 JS-ill 

jL^aJI (jc. JjSj bila 15 *Sj jW^I JjS 9 jL^?JI J*^l Ijj ' A^ill 

. jUikVI *lJ aJ\ LS j^ (Unselective) 9 pSj 

Sensitivity v-L-aJi * 

4_i«-a Aj-LnLna. 4j ^ SenSetive j_J^J j]l jLfra j_-a <_j j_lk-a 

J$_ui]l j-a jl£ LalS JImJI jLjj 4^ajS £aj jl LaK <j1 ^jk-all jxS t 

■-' ■ •-~aA.il Lal£ JiaaJI jLjj <Laj2 cIli ^'^ il LaK j£] t 4 ° uSj£j jl "LASjll jl^a- ( _ s -lc 
jc 4jj i "1 ■ VI L-a jLia t_l£j-a]l jL^aJl j^a ■ ■ Ij Ua cl\j i jL^aJI 4j i al i 

Adequateness 3-»fit»J! * 

^lj_jl j-Lna. i al .*•*!< 1 4_i£-oJ dLJJkJ La^a i 4_jli_a]l jU§-?- jLS Ijl 

tiuaj Ufl.^ifl Relay -Jl j>^j jl ^ ^ °<j lilj t l^a. j_>Sj 5iKjll 

j-a 4 la 1 Ajc_aj iaS3 i Luij£j jl t _ s -i«-aj t laSi oJ^a-a 4 a 

^ Relays -II ^LajXa ^ ^1 J^lj»JI j 
. Relay Jl ( Power Rating) >^j*2l y^a - 

j' -»<»11 lift Aa^aI j jl^a — 

.^JajjLa. jl Ajli.b i—lLiul ^~j"'' Aj^lc- JJC- O^/LsJ (j^ajjtlll dlVLala.1 — 
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4j]lc. ^jj-aUaJI (_pnLj3 . ^jj^SII <jjjj«"unl <_^lc j> ajatll jW^] — 

.LLij Ajiijll L-aSjjlui jl^jl j3 <_ji]l Busbar -II Jia ^loaVi 

CjLSj^o j dlVjji^i 4_lLasJ LaJ lakjll djc JUlall Jjj-ui ^^-laii ,ajLuJI kj kaJjll 
j-a J_! , 4_ille 4_iKj j A— ilij ^Llaj ^l^ILuil L-ljuil La] I j-a ^_jjjj_la eaia '« all IfraJI 
CjJj3_ai)S 250 SjAS ^-JJJJ cJj a ^-^J ^Lkj -J a i -«*' Ajc (JULall (JjJ-»J e5"^" (j^ <w '^ 

.4_ille ^-ka 4j«_ui dllj '"'jjfl ■ a«a -1 , J j ^ a*< j ji jj^ol 

Speed JfaJI J> ^ 

40 BB aj^j ^jjjj jl^Jaa (^Jc Short Circuit !ij Jliall 

jLl^jl ill laj (j! ^ijlLall ^>JC. (j-a3 t _ s -U-o 80 !i\iLa aj.12 (j-oj <ljc ^aJj JJJ-ot 

<jsl£3l Atj^JLi JiaaJI lifc ■ '«.*'<; J Ijj , *jj;<^ jLull ^Cj jUjaal! ei$J 

Stability ^j^l aS^SM 

( Protection Schemes) <j13j1I UU^« ( x_Ja J ii& jLck-Sfl ^ 11* j 

(Time ^^jlljji.Ljll j! VJ Atj-uiJ JJaaJ! Jj-e <_L4a! j-a j-a (»CJ-1I (^-Jc-J 

:ajuVi <_jUuj!iU Ulii.! Delay ) 

Ajli j\\ j j\\ jjj jno'U <^j3 «.LkcV . 1 

\aJ61\ CjVUJ! ^ Relays -11 1*^ 1 Jb* mI^H .2 
(Starting Current) Jj«-»ii f-^ ^ <Ajljll ojjj^II diljLiill »J» 

( Transient Faults)^ j^lt j i jjUI! JlWvi j> ^> ❖ 
. ( Load Fluctuations) lWVI ^ jjiall <♦ 
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Stability i^-VI * 

Ajc ■ ik <_jta_oll ^liaj (JJaJ jl ^ '"»"' <_jta_j]| jLfraJ jljaLuiVI 4 J i <-iU 

JUacI dlVLi. tilj-li. -lie jl 4_La^a]l 2 jJalall Short CirCllit tiljAa. 

.^b jjj J**j ^ Transient Faults 



Economics jLajihM 

. i l31£jI| JaL if. li^ll J^c- ^J^j j»^=»j {•."" aJjI^-o t5^" 



Sj^i Jt*i o* *Al>U ^ 5-1 

Electromagnetic ^> I*, a < JLai s^u 4j\3j]| Jb^ 1 ^j-* 

aJ&j],] ijt-zL t.\-£j\j Static Relays Ajlijli^VI 4_i13j]I «)$^tj bj>« ' Relays 
Sdiaiall Jb^SM jL^aiklj ^j*!^ ^Ull *>aJI . Digital Relays <_i4^l 
Overcurrent Relay -II jl^ iataji j t ^jlSjll ij^S ^ji^j Jjjla Uj cj^ ^1 

Electromagnetic <-W J^l 1-5-1 

(J-aC o^£a jli t jijj^l j-a ^»ialj jJb LaSj t ^Jl i fi'lll jx JjVI J^?-^ ^ 

Uiii i_sla ^ j-aj i_g ill ( _ S J^£]I jliill (jl AjjL<abk J^ililuil ^^Ic -lalau C±jl£ jb^?JI 
■ . l-laj jl I g jS aJ 4 J ■ a-llat *<» a ajS I ■ '— ji Aa^L^Jj t a\ bsJ , si a LujijJal '«» a Vb^a Lub 

Plunger J Hinged Armature Relay t ^ US t USjaj j 4j.ipa. £ Ijj 
Jjla <_j.ij.ia. o- 3 ^ JH3^ ^ujjJalj^all Sjill oaa Jiluu bbaJj .Type Relay 
Induction Disc 4_lb. ^ ba£ s>£a]l ai& i'u,iVi aS j jjAj 4 W >ja jljj.il] 
s-u^j t Electromechanical Relays -j L-^jI rn*.., ^IjjSfl ei* j . Relays 

.Aijbull ^IjjVI (_£.ia>V ^iLaj 2 — 1 ajjA-all .^Jalj Aj-axiiill 

sjjb ^^Jo ) (_J 4_ijj££ ajjb (J-^ cly 0 J"^ CS"^ ^-Sj^l lH 1 jliLaijj 
Ljjjia t_)_ui1 in (j^aj^ll jjAj jl t ^-Ijill tilj-sl ui ( _ s Jill a j^ll jl Lajj .(^Iali]| Jjt nil 
4JLaj3 jLull diJa- t 4 j» jil-ill i_SjjJi3l (jJa Jl^Uj t i-Aiall ^ jLall jUll sAu ^a 
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(j^aj-all ajl-ij ji p IjiJI iiLij^j] 4_}9^ UJ-^ (j^ AjjjjJalji-iJI S j£]| ajlA (jli I ajjij-a 
oAA mi ( 6,Ynn jLull A-ojS '"' }a c (JUaC-V I ^JLv ^ 1 ail: c S^jjIjJI 

4 _ 5 jJI CjI^JLj jjIjj Vo t Stable LojL > Ljb o^a.VI (j-o <jc_jj]l s^A jjLajjj 
£-<s (_LAjti]l ls 3 4_»iaJ i )C. CllLai. Ijj ■ ojSI A3 (jj 1 " ^'g (jl ' ' S aj ^3 

g-llau Lpl 1 ■ bjl t>»j t 3_SjiJI diijl ^-lla^a Inertia * SpaJI 

4_9J /jl a , ^j^^ ^* ' la^Jj t 4 ^J*^ l a3l c-L^^-J 




Static Relays ^ iM 2-5-1 

t Cjl jjj * nil (J-jIjI ^5-9 <-jl9 a fc^ ' ^ tJJ - ^ 3 cs-^-^ <J^?JI ^>£-^ 

ja^JI *l j^Vl j-t ej U«j ml j_a La ^a) jl£j t Static Relay s -Jl J^h 

( aj-gja-VI (J-a& cs - ^ eLlii.il! Ij.'U^o (Jiaj Cul£ j^lj 4 (JjjLJI (J^aJI ^ 'La,^ Imxll 
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^1 t Operational Amp lifer — ) <-i _>*j ^ cs-^- li* 

jLall ji nil (_jAjt!i lili 4 <* *<;» " ■ ^- JijA^j SjjI^JIj jLaII nil <L^aj3 4_jjlLaj a j&i 
.Ifrl uai3 CB t5-lj ajLkij J-^JJ Op Amp A^.VnI moll Saj Jail j=aJ SjjIjJIj 

3-1 ajJ'^H ^ J^?JI I^A <£-al ^ J(S klj 




Static Jl Jja. t> AjISjII ej$a.t 3~1 'ijjj-all 

4-ic. jill s^a jo'i uij j»J tilliJj t Unstable * J*' • " " c^-^ 9 ls^~ ' &jl j-^l 

"a_)-£^-i (J- 8 cIlUjII (J-iaJI l— ll m J i nil (JjIjIj dil in . all J^-ljl Ls -i J-g-^ t*' J^> ' ^Jj-^ 3 

. Digital Relays jll ajISjSI s j$^L <-ij*j L« jAj t ajISjII 



Digital Relays £J131I 3-5-1 

jl Digital Protection J-^h '-^i <^-^ ls'^ J-^l ^ ^U=i^l 
cr^l JSUiaJI ^gJc L-iJiii jl <ooa jll 3_AS jll s j^=J jl Numerical Relays 

.4_A£ jll a j-g^-i (JJ-^ (jVI a^LJl 4_ic aJlgi lilj t AiLJl JLi^VI ^'plj 
jalijl ^gJj jLjjIIj \ -\\\ OljLij (Jjj^J oAjiiJI lii. j] jj£j]| ai^J A \ > ill i I Sj£a]|j 

JiLk. a j^Loui Ijjj^j ^ jjjxoj^I a j£li ^ j j^j Digital Numbers 

I (J^ jj (J±^j_uij 4_j| LaJj t 11* 1 Jl (J i taJ 1.1a. a j ;» i a 4 llaj ^l J^9 
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1 ,aKj t Ja_aa jLiillj A^aJI (j-a ji Cycle Ltij-^ ' W-^'j 3 CS-^ 

a j nil \a Ca^AjljoI] JiLk (jx diljLiVI a^A fJi ^ £±2 jlgjaJLi j ji^all Ajla j]| 

y f 1 Jlac e*lliA jl£ Ijj La 

Static or electromechanical ) <^p^l W?. ^ lakU-i Ujuiii U£^> ^ 

Digital ^— j-S jit oVL-^VI <^J^ jj-i^ a-xj Sj_ ^Vl j_ jSVi 
UjjS 4_iaa jll s j-^J CjL*j1*^]| Ji_u jL^> lIu^j Communications 

l_iLjij£l 4 _ s -lc UpjA3j "ij.gji.VI (j--a 4_JC jjll si* CllLjlSLal OJJ-J I— IAaI La-a 

.4-1 sjjJ^oil ^ Jfl SaJ 3JioVl .lajj .<ljU l^iil^ajj JUafrVl 





I 



AAaSjll Sjla S)^vl 4 _ 1 a^y all 
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Adaptive Digital o Relays 4-5-1 

^1 CjljaiJl Vjl o^Uj ..i VI aijj <jaoJ j/j frill i^j dll /nil oMI J^ljl ^ 
oiil^VI L^Ijj i 4-i^aLall Cj| ji^JI J^LL 4_jx3jll jll JU-a cs-9 jjLaljJI UUa. 

^ ^> ^kj Microprocessor Technology. —II cA-uliJ ^ j_£l jju 

Laj Jji«j 4-ijl£La] JU~al JjT?Jl I^a ^ t'ikji ^1 cjljjLjll ^1 ^ jl£j 

(_g,i '."ill t <£j (j-c diLa jLlaII 5il£ 4_1.il Relay — ^ <jl j ' j-il 

JJ-JI jj-jj i jLaaJI ^ 4 .i».i.i^l l o-Stj jll jJ-J !A!La _hH-^l J-* o J-^l cs^ 

t^lli&j . a^Lij jLgjaJI ^Ajkj VI ' . ' a^jS i J o-nH jLu (j-a ^AiJ^ IjW? lS'^ 

. Jj^aill li& AjI^j ^ 1 g . >i» j cllj£j j3j t Jl^aJI li& ^ 0.I1JC. cllUJ 

Multifunction Digital Relays o**^ 5-5-1 

dllj-J ill t <L_La3j]l jll o)-£^l (J - ^ ^ J ^? J_J-^ J-S-^ ' '"'V'J* "'"'^ CS~^ 

<jjuila ^ Ajlijll o)^.l (>s jjj*]I *Ic.jJ 2 vr t Jl cjlfjJill 

a^JLu L_£tLkVlj t AjLilo jL£i 4_La3j]| <_ilaj]l S)-^! J^i Hardware -11 jl 
jL^j cjUjaj ^ jjJaoll t <lkta (j>i-a]l Software -II ^ jj£j 

lillUj i Relay J^b 2 alia - ij^i aJ1aA\ ^{yk\ j-* -ij-iaJ! jj>^j 

jj*1o c5^*^ Multifunction Relay -j ^s-a^ 

si* i_aJ jj jl L^aAl (j^aj oiJ^c 4 J'Vill (JSLji-a (j\ jjAiil JjI jlj u ^fULjj 

LailJ t (J^al£]lj j]| <La jiala L_ lUc. 1 _ llml AjjIS i _ llinj t Vli h _j]| Jinlii]| jl^?JI 
L_Laj ^jULjj .(_S^a*J Jl j-J V ^g-jll oj^Vl AjJajsu jl^?. I— S3 jj (jl£ ^^jJaLJI 

4£jji jo UJ^ LJI-c. — ^ jl-sl a! I t jjir'u^^ll j£a jc. 4_lia.!lLi]| s^a 

(Jiaj \ g 4 Its^IIj 4 AjL5 j]| a^^l ^ _»J J^-VI ill (Jilail LaS — <_JJ^.I 

^ Jlilja.1 jjja. o j^a ; jjj j^a 1 ,1 . . i*SJ JUlUj AJ^JI jL^JI lA^l ^JaUa.VI ^ jll 
jj^a. (_g j^kl o j-aj i till j_uJI j-a Aj^tll Lg-1 j^lj aXiiaJI Li^jijjSjll 
oAi^. a jj i <aj (_J^JJ (Jl JJ V ^jill 4 ^jV^ll "oj^.VI 
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2 

1 afriaa t <-jl5j3! ajIjj j^Loj ( CT and VT) ^ a llj jliill diV^a 

^ AjjJij J Ikk J\ jla JtslUj t Relaying Signals CjljUVt 2il£ aJJ Jijj 

lift j i 4j_ulio 

■ "'J^j .'UuLui jjc. l^jlj <Ai.!.}]l SjUiVi LalUa 4_il3_j]l S)-^-^ Ji>^ cs -3 J-^J IX ? " 

4 jL^aJ Sj_i.Ti1_irt <_Ji..ij (jl (j^-oj V$ aJI^- ijj^j L_i3liJI ^ diljliillj (jl 

jl (j^Ljall S^a.l_j lg mLi3 j 4 j uilla ^jJ ^^Jl J ^ & a ^ u'^J "'*'"' — 1 

t_i_jLaJI (j_c ^,jjlja|4_ilaj S)_^a.l^ ^jjUill (wj_jLaJI Sjj^kj-aJI jjIj^JI Jj-c- — 2 

.AjIUJI IjfraJlj dj|;Lull (^jI^jVI 



35 



cjVj^ 1 -2 

Jla (JjAjSII t)*^ CjjSllO jlcJjS 100 U^jiklj VTs f 

Jlo aJSjJI s>J ^iii UJ rJ E US kV, kW, kWh , kVARh 
VTs Jl ^ to ^iSj ^Directional O/C , E/F , Over/Under Voltage 

•Load Shedding Interlock Jl» ^S^l 

Rated -11 ^ - i^aJI jl ^ij] ^ 2 "^'"-H - aj^j]! 

a^c. UCLi. j-aj j£\ ojSsl\ ^Axjj V Ujj ij^lialt tllV^aS t La^la JS] Power 
j& Jjjj La (JJjalt dlVaa^a JiLi. SjUSI oj-iall J^aJ UllJ t V.A j-a dlljjie 

e L^j V ajISjII J oAjal! ^ 2u^-i.,,^l o^J! cjV^ J US . 300MVA 

jjV ^g-uiUI JSAj JJJJJ ^1 ^ti^J lSjF^ dl^aa-a UilJ c •^DfJ (Jlj-aJI (J^-*-" 

^ (_£ti^l ^jall CjVj^o jc. jJJ (>a3 Uj t aJU UCU. ojUll SjOall 

<*ja jLucVI ^ j^kSfl ^I-SjVI ^IkLiJI jja JiiUj <_sjj|j3l s-uUJI 
U Jal VT Jl J^U\ Voltage drop -II jL& i) 1^ j ' (Turns Ratio 

.^jjiaJI ■ . 'i°ii Saturation ^j^ill jj-ia. jc ^1 W; — w 

VT JlaJ dljlSj t JjVI J^aall ^1 — 1 ojj^all ^ Cjj^ia ^1 Jla 2JlaVI 

Out-door StationsA^jUJI cjLWll U GIS Jl cjLWll Jib CT j 

. 1-2 Sj^l ^ j^Jkj VT -11 Jp^U JS^ll jli 
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Potential ^ L« Jj^i CjVj^I oi^-l jU^lJ jlajj 

o^uaj^j Capacitive Voltage Transformer j^-VIj t Transformer 



.tyaJl uVjau uL^sjj 1-1-2 
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(12 J11JI Jjfuj ^ 4 ^I^VI s-^M <j ^oSjj 4 Rated Voltage .1 

kV) 

(12 - Jli«3l Jjfuj ^ t t^jljll s-uUJI <j ^oLj 4 Level Voltage .2 

.^28-75- 110- 100) 
i gUVn 3-aja ^j^aai 4 Breakdown - Pulse Voltage .3 

.jj^nli Turns Ratio .4 

^ tkaJi ci^jj LpV olii-aijJi qa s^Aj Accurecy Class .5 

L-LluLu ^jjll lift Ja 

. VT 

2LlSjll ^ 2 a^kl^aJI CjVj^il Aiill CjUjJ U . 3.0 j 1.0 j 0.5 J 0.2 

^■^fl l$i (jic 3JV.il] 3P and 5P Ji» ^S>ll j»j P up. j_aa.jj ^ 

<*ijla]l LkaJI Ajxuj laK 4 fljqll duiijjl LaK <UI .Protection -11 

■ >1 



UaaJ! A_luJ 2-1-2 

UjjIj Error LkaJI 4j.ni l_sj»j 



Error = -xl00 

V 

p 



Jjaajll K n 
(Jjajljll ^ V s 
^IjojVI ^a. Vp 
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<>«2 Bs 3941/197s ^IL^I cjli^Jlj 
.2-2 Jj^lj t 1-2 fSj Jji^ll ILL 



(j^Ljall Sj$^l £A 2 a^La^jl ifraJI dlV^a-a ^ 1 La II Jj.Ia 1 — 2 Jj-^ 



Accuracy Class 


0.8- 1.2 Rated Voltage 




4-ojall ^ lLa 11 


Phase J iLsJI 




% 


(minutes) 


0.1 


-/+0.1 


-/+5 


0.2 


-/+ 0.2 


-/+ 10 


0.5 


-/+ 0.5 


-/+20 


1.0 


-/+ 1.0 


-/+40 


3.0 


-/+ 3.0 


i la a jjc. 



AjISjII e)^a.l A a^alui^l ^aJI Cj^a-o ^ iLaJI Jjia. 2~2 Jj-ia. 



Accuracy Class 


0.25- 1.0 Rated Burden at0.8 pf 




4-ojSII ^ lLaJI 


Phase lLaJI 




% 


(minutes) 


3P 


-/+ 3.0 


-/+ 120 


6P 


-/+ 6.0 


-/+ 240 



VT J^j2 3-1-2 

U alio Sjj^ij Aj^jII ^ajVI ^ O^aJI ^Ljal O^aJI 

ajISjII jl^aJ ^-ts JtslUj i Neutral j Phase VT J£ J^jj ^ d^a. 

(JSjuJIj . ( V^ , Vg, Vc ) \ ' ~~"* . l) 4 " 4 ^ -* a *" > Aj^IjII 4_a.jVI (JLW U' 

.Jfol! LjLa. cy LiJ Phases -II jJ ^ VT j^kj 1-2 
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High Voltage Side 




VT 

31 


i 

Relay 
1 


(_5 jjliil! ' . uLa.ll 



ijLaJI jj ^ VT J 1-2 Jiill 



Phases -SI ^ ^?-!l CjVj^SI ^vvwi <^ ^ 

Aij^L C5 .«....uj . 2-2 Jliill Phase ^ i$*J o^Sj * 32^1 

jjill JUacSfl i_sL££l ^ sjjLo t Residual Connection -j ai* J^jjSI 
Three -SI \^S\ o& ' Unsymmetrical Faults a£U1o 

t Aj*Jilall L-SjjiaSI JUJI jA La£ l_)L^a ^jLulI V JiaaJI ^ PhaSeS 

Jj^J ^'• > Up A Sj i ,-ijliSI ai& L-sj^lal ^Ic- Ifr^. (_$\ Jj^-Ia aj3 (j-oj 

.Unsymmetrical Faults J ^Ijjt <> 
Jj^sJI t Symmetrical Faults 31*. ^ jjsj V aL^jISI ai* jl Ji*V 

(jfr (Ji»*SI jjJ-oJ U^-S V ^tiSbj tjii-a ^jLuiJ j^lajVI l^Cj^a aj t <UjL<ilo 
Residual <j-»«iJ <L^jjj]| ajlA ^jia ^jSc. j^-laj (^jlSI J$alj t ^iMjS-ill £jJajll 

Zero Sequence U> o-li ^ L^aJ jjsj aiu^l s oa j . Voltage 

Zero Jlioi isj^i V residua i J fjl*-»JI ^> «d dip* t Voltage 
. aj^SI jj^aJI ^jLuii ^iSI Sequence Voltage 

^jalj t_iiuiSlj t Broken Delta I ■ ajt ^Su^jjSI ai& jl ^1 jjdj il^lj 
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Residual Connection <%ki ^Jl cS^j^a Ja^ jj 2-2 Ji*i 



jfaJl ^li ^ ft 4-1-2 

_>jlb <! i Capacitor Voltage Transformer j c_sj*j L» 

o^lja JlaJ (jill 3 — 2 J^ill ^ La£ Ail^ajJ ^JJj t ^jUJI VT (jfr ajjjtAil CVT 

j i-aj*j L« ^aljll I^a s^3j t Phases -11 ^ y?JI 

^bj 4 cjliSUI t> jjc (^k. ^LJI ^aJl gjjii dij^. t Capacitor divider 

dua t ^jUJI VT <Ua^uljj *Lia.lj qa Cj\sj^a\\ s^A j^l LS lc ^aJI 

Ajxuj (_>uaj t (_g \ i <-iV 1 ^ 7- II (jx ojjt i ,-1 Ajjoii ^ j i <-il 

*"J " J^Vt ' aj£ all Ajcui 

i VT -11 (j-o 4jkj>a]l ^ ojJoj -}j2kj CVT ^y^i l^A ■ ; uxj 

a^A ^^La«J Jjjla oJc lilliA t ^ Cjlaj^all Jj^J ' . ^JJ- 0 

Jj^jla - laJL aj ^^lill 4_La3j]l AjLjjll S^-^' 4-*-^^ ' 4_a.j>a]l (J£jj ^ CjlAjJia]! 

. JLa^al! I^A ejj).^iift]l (JjLajVl ij^aju 
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SfraJI fjjXiS ^ I— lUSS all -I ^",,,1 3 _ 2 J^i 



CT jL£II ^Vj^ 2-2 

(Jjjiljl! L_ljLaJI jbd jj£j (jl LojIj (JjJaijj t ejjljll ^ jLall ^^L^aVI jLii^ 

- 100 : 5 :Jli»3l ^ Uj^il A^lja i Turns Ratio -j i-sj*j 

. 3000:1 LA^ ^ ^1 J] J^i ^ , 300 : 5 - 200 : 5 

i 2-2 ojjj^W ^ Outdoor Cjlka^JI jUj]I CJ^jshoI t^iiaaJI Jl^illj 

. JjVl J^ill 1-1 Sjj^l! ^ j^k. GIS Jl CjUo^ ^ U 

(jjll 1.1s. 2Lal^5l (Jjjall .la.) jl iia.V 
UjUj l\jxl\ iy\A\ ^ ^IjJl ^I^jjVI ( jl l$aJI CjV^o 

.2 2 j-o ^ - «ajj 
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SJ^I ^ jUiil ctfjzu* J^jj 1-2-2 

^^jstAj i Relay -li s^iU^ ^jjliill ■ aLall Jjj^ajj ^jj t (jLa.Vl o^ 3 *-? <^ 

. I 4 — 2 (J^jill ^ La£ Ajli jll jUi. L_sLo ^ jaA ojjillxi jLj -1 iklul 

L-iUI ^ jUll jliill 4^j3 t^^J 

iftzS IJlc. ^jjLuVI I^Aj . t_j 4~2 J£.uill US t CT -11 

Digital <1jj^1 u^i jV^' <-k>^ J] ^UsJ <^ls 

. A/D Converter ; LkJ ? j Numbers 
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"S 


Relay 


^ ► 









jUUl Jj^ uiiSjj 2-2-2 

JjJjuj ^^Ic Ja_jiaii] 4_tuiJlj t_JljJI ^^ia 4£jJJI ^ CT -11 Jjj^ajJ jl£-J 4_tuiJljj 

^ L£ CB Jl oJis BB Jl cm .LJaiJI A-AS* o^liJI CT Jl J^js ^ JtUI 
CB Jl o*j BB protection Jl j o-Lkll CT Jl cjjSji ^ Uiy * f5-2 Jiill 
Overlap Jl ^iA^p Cy m^jJI '^j • ijAaJI JSJJI ,_>uaj ^ La£ 

jjC. <Jaij (wlijjJI li& (Jja ^ ^SljJ V Ajl (jitAJ 2ahA. A\ AjLa^JI JjlatLo jjj 
-2 (jfl US ^USII t> SJaJj ^ ^ CTS Jl ^ 2JU ^ «u1 Jaatf 

(jaJ «u1 ^cj BB Protection Jl SJajJjj t 'our^j.n F ^JaaJI ±>c !Uac jli <_j5 

JJa.Ua JlsoJI jl jJ^Vl 3K uiall (jSlj t SAja-jll 3K uiall tll».,J oOAj . BB Jl ^ 
.(_£^i.VI 4 g a II (jx Ajj^ju -'j i " ■ lua CB Jl Ij_j2kj-a 
^JaLkJI £jJa _JI ■ laa SI AjLaa. <iJala ^jbi. jii*J (JlaaJI Ii& (jl liiajl iaa.V 
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I 



BB-Protection ' 

i ' 

i 



T 

Feeder 
Protection 



BB-Protection 



T 

Feeder 
' Protection 



jtaJ) Jja^ ^L^l ^J^l 3-2 

l[yal\ S>jIo]I <Ja.b Jljill jliill CS^j^a ^ ^lijVI i-sUI ^jia J^»JJ 

.jlull 



/ P =/ 5 x 



A 7 , 



.Turns Ratio -j ^ 
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V 0/p *pa ^ ^Uil/AjL^I jl^a. ^jL (jic. j^kj JtslU, . 6-2 <_£^l 



IgJ i_sLjaj J3j t ^^LuiaII J ja^o tiCLuiV Ajal£-a]l <LojlLa]l Jjxj R^j dua 

.R L Jja^jjjII &LJ <*jILs 



N P 



CT 



.jLdl Jj^l <aJJ^\ cjU^ll : 6-2 Ji^ 

(j^ajall J^u £-<s IjJ^Ia M-" 1 ^ (JL>^-^ L_sla]l (^jia (JJJ JjjuiliU ^ 7- II li& Jia.V 



£ 5 a 



0 = BxA 

( Tesla = wb/m ) -j l^Iajj ^.ij-isJI <_i3SJI ^ u^all ^ B dip* 
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^jLuii Knee-point Voltage -j 
E K = 4.44*N* F*A*B Max [2-1] 

.dililll iJt^N ji Hz jjj^llj cH^iJ ^J^' cr* F 
jUj (J_j^o t-S 4>^ a ^ h ' AijU-o Jj^aJi] 4_*ja]| s^A - l^lLuijj 

1-Jti. 

:2LjltSll 

CT Ratio 2000/5 
R ct+ l = 0.31Q 

Ipri-max = 40 kA 

Bmax =1.6 Tesla 
Core CSA = 20 cm 2 



N = 2000/5 = 400 

Isec-max = 40,000/400 = 100A 



(jla 2- 1 t> 



E K = 4.44 * N * F * A * B Max 

E K = 4.44 * 400 * 50 * 20 * 10" 4 * 1.6 = 284 Volts 

Burden lU* ^r^sl Aij*^ Ls ^&\ <j^>aVl (^jaiS [>j 

^jLujj jliill Jj^-* i^k^ 3 Cm J-^jj 

R max = 284 / 100 = 2.84 Q 
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(jlfl 0.31 O (_gjLuij l*-a (JjA^jlill liCLu! <LojlLoj jLiili J>^-* ^ojli-o (jl ' "'J^J 
(jjjLuii jliili lSj^-* (jL)^ 3 U£ i^-^Ji ^° J^fl ? ^ <-ojla-o ■ 

Z B =2.84-0.31 = 2.53 Q 

A-LuuJfll It all ^Wu 4-2 

-J i_Sjj»_a]| jliil! t (j^ajail L_njui«3l jlilllj L_sLa]l ^ Liil 

(^a 4>iJI jLdi t> jj**- 3 Ji^j jLull I^Aj -Excitation Current, I e 
^Uall/^jlSjll jl^a. J Jia.V .7-2 <_£^l <^ Jjp-^ ^jsISJI SjjI^I o^Ja 

.^jjlill jIjj (jx jJ^Vi ejaJ' uaj "j ^^jjl^l! ^^i^ 3 U£? t-lS^xll 




jliill ^alL«3l spW 7-2 J^S 



Magnitization -j 8-2 <_&^l <^ jfrky <^ ^lLU^JI <^i<i i-sjjuj 
Knee- <iaaj <uk. ^jjj. Excitation Curve -j U^jI <^-»jj ' Curve 

.L_i!5lajVI 2Jaaj ^gAjJij 4 AjIc point 
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ajaiill LpL ( International Electric Code ) IEC -11 tiLL 

I e jliill 4^ja ^UjjI E s %10 Ujja Sjbj ^ t.n.nTi ^1 

Al^o JjaJ (^i CT Uiu Iojj (jjll 4 kaill ^ V«_j1 4 j^.T (^w-u .%50 jl-lLaJ 

Aikiall ^ Jxou jl ' t »7-j j[0 CjV^o ■ . ik-lj . Saturation ^g^j L« 




Excitation Current 



<i£al« 5-2 

Sjbjll £A Cj-laJ ^ull t Q^ajall jlj jlull j!j UK (jitilUj t <su» lUjla 

jjllc (J^! 3 fjjij tdlj ■ . ifoilj dija 4 ((JjaaJI (Jjj^a. .He.) ^ o^i^l 

. (Saturation) ^ufrill ^n...^ L> <d aLl^j <_5.i1.iaJI ■ . Jill ^ikl^ V l.ia. 

<j£] t CjjjLtuill jj«a J.1C <J3 ^aJ jjjS tJi^ 3 "^Ai ^b»J! ai& ^ <_5.l1.laJI ■ ■ JSllj 
i_s2 jJAua Lola. JJJ-all (jlfl ^ <>^]jLvuJI -1-lC- jl) ! jla o-lla^a AjjUnml SjJS A] Jjjjla]! 
' . '.'■""'J ■*'.;•»■ <_5.ll.laJI ■ . Jill ^ <Jj.IaJ La LaLaJ t <*-f£i .13 Jjjjln]! <jl Jjiij 

4 m « 4^aj3 t _ s ^c- (_>iaja]l <aj3 ^tilljj 4 <jJbJI <j ea-iall SjLjj L_s3jj £-±i*lA\ 
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jl J^ij) jjjT i ,-1 ^ j i ,-il (_paja]l ^gS "jjilill (Jj»-a" jl 4 _ s -«-aj t ^^fuoll Alulj 

J? 

j^ki jLiill |j* J£*ij . ( ja^SI (jJj Ljjsj J^j ) (jjjljll L_sLaJI 

. 9-2 Jifill ^ 

DC Component ^ ^^^1 o=>^l ^ 9-2 J£^l ^ ^ J»^V 

L_a3jjjj t ^IjjjVI .jLjjj 4jjtLa (_£_jjUi]t jLu 4^aj3 sjjjj 

~Ua R, X Jl 

Lulj t L-uaai Turns Ratio * a 1 *".' u-^ ^all ls* <-«^ja.VI jl LjaJ Ja^V 
ejj^j <l cjji. ja jliill jl Jjaj IjJj t tilliS Saturation I ■ u j' 

^3 La 4j3j La^-a 4-jl aa SI jig 7- 1 LajLa *bl ^Sjjj V ^LilLlj ' (DistOrion) 

sjA (Jj- -«a*M 1 ^cJLiJ t _ s l\3l ^^Ij-aJI '-— > j J - aill AjUj-J IS uLaJI sjA (Ja. ^ajj 

. AKlaJI 
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i_ljlaJI ^^Ic {^JjQ^ j li am JjA-ajJ die 4j| dlVa^-all (JaC CjLlujLuiI (jx ^jlat-o 

^jj-iaJI t_ilall ^ j ^>jaj 4 mmf 2j.„jU-ti * SjS Lijj «u|s ^liL^I 
(_£_ajliill jUj ^jAi c <j;_ajl!ill jlii Aj3 Luii}3 dlliLo (_paja]l li& t 

. ^si^i] ^ Sjj2Lj-a]l lilli] j S-ipa. mmf jJjii 

^Hi] ojL^a mmf ^1 Liii jlS t jliill ^ <_£»jljll S^ta ^ia ^ t jVI 
iaia core ^ Sj£>» ^IjGjVI ^ mmf oj£ J^Wj ' c^ 1 ^ 1 
Shunt ^ ^liLVI jlii jj>o t a u "J Jj^all <— al_>3=ai ^^le Jlc j$i=»jj ' 
ajjia^. JIoj ^Ull o^sJI IjiAj t 7-2 <^ ^j*J=> Impedance, Z e 

AJLa. ^ dlVya all ai& (jjLolailall ^^le Lajlj Jjp all ^^le JaS3 j^u! 

^jl jl La£ LaLaJ ^gJAjl dlSji^l i_s3ja1I l-i^J (JjlsIIj IjjJajxj (jjillj • bliLa IgjjLu^ 

.AlatLuLO jlij IjS i ii n\ 

jjp al <j;_ajllill t_ljLaJl jj-a (Ai lj' (JLLS-^^ 1 ^ L>° ul^ ^'"rj 

(Jc- Short Circuit j ^ < t-jkJ^I t> 4^ cs^ j^ 1 

mmf ^Ua Jkij ^jjl^l ^ jlii ^JU <Jkj Jtilbj t Jj^il jjjjtttl U^Lt 

.jliill Jjs^a c_sjla! ^^Ic ^aJI ^Jjjj y& i ^1 JojV i (^3 SJj2lj*JI cdlil AijU-o 

CT -51 ^ AJUi^l ^ cUJI jiib 7-2 

t_jjUJI s^ta sjj^j-all VA Load <*jia -ob Burden Jl jl J^aJI t-^>«j 

LiLl^lj . ^ U-o jliill dl'i/j^oj ^aJI dlVya a] ^^aj L - '^*) J all ^jjUill 
oJ_j2kj-all AijU^all jl (J-a^ll 'UuS 4jl ^Ic <jll jljuij — jliill CjVj^o ^-o 4^aLk — 

. Jja (_5jjIj1I ■ alall ejjb ^ 

ylallj jSlj t f>jVLi (jjylj jjj-oI Ciljillj CT -11 Burden Jl "-aj*j l_i31a1I ^ j 

jliill J_j^a3 Jliall (Jjfu t^* 3 ' J^VI aIV^j LaAA^I ■ ..1 (j^ajj (jlj3l£jx LaA 
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5A ^jLuli (jjjljll <^a (^tuiall sjUjj 12.5 VA ajja Burden J^ij 

: sj^a Burden Jj^jj ^atjll ^ 

Z B = P /I 2 = 12.5/25 = 0.5 Q 

ojc jUic-VI jl ojV (^jII 2L»l^ll Jalaill Burden Jla <L^j 

AjISjII jl^a. 4_ajlLs + lilXuVl <-ojll<s 

dlLuiLjall JLi-o ^ Jjp all !i& al Ikljuil (j^-aJ t^-^a (^1 J] -Ij-^j ^''^ "J LljVa <d 

.ajISjII JU^o J Measurements *uA*l\ 

jlS UK jLiill J ji-a (^Ic. Low Burden Ji*j ^ ^' jW^ ^ ^ h^Mj 

ifrzS ^Ijjb 4jjlio Low Burden J1»j ^oajll ajISjII Sj^V ojjo*JI cisj^l 
. ( Electromagnetic or Static Relays ) ajaJ^I Ajla jll 

10-2 Jlill ^ ^31! a^VIj 
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I. 



o-Uil S j ^iSjll Sj^i ^ CTs e 1 ^ 1 1-7-2 

:AJti]| <-,r., : L-,u ^ CT Jl f ^*. MJ 

Protection CT ajIS jl! Sj$J ■ 
Instrument CT pSa^llj o-Ull Sj$J ■ 
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l^JjJaj j^aJJ AjISjII " ""^ CT -II LS^" ~C L>*J 

lillij Ajli j]l o)^l £-<s <*^Luia]I jliiJI dlV^a-a jjjj dlli^itikV I jjjl (jx 4jl Jia^ljj 

AiL ^ jLii]l A^iij (7-2 J^l <^ E s ) Jja^ll ay lijj ^ill 

(jiiLjall o)^' a laJLuiajl dlVya all ^ Liii ^ 7- II (jx JJJ^J (j^c-l (^l-^VI 

V ts 2a. <*ijl<s ^juj I ^Aj , 1 1 — 2 J^ill ^Jalj jj^aJI jjj Jjjallj . 

.laa.V ^ ■ '-""'J ■ " JUacVI lllUaaJ ^ Ijujxu ^Jjuall <LL^o ^ Jj^a]l 



o> 

O 




idory vol 


/ Protection CT 


Secor 




// Instrument CT 




Excitotion current 



Ajlijll sj^lj ^US]I ^ i^IuiaII CjVj^-o ^ 4jjlL» 1 1 — 2 JSjJu 

4 jl^ail <ikWI ClljLS!i] j±±*aj£. Jaia CT j»l ^•'■■■1 Igjfl jsi; AjISj S)^1 lilliA jL Lak. 

Non Directional Over Current Protection O/C 
•S Non Directional Earth Fault Protection E/F 
•S Differential Protection 
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dlLajlat-ai] j i VT - ""'j CT - ^•*-"'~ ""' 4jl5_yll ^3$-^ O^-i 

•S Directional Earth Fault 
•S Distance Protection 

j « kWH , kVARH meters <M j^j audi aSUJ! ^ba s>J ^ ^ 
o-Ua sj^lj t kW , kVAR meters *JUil! yuiii sj^li ^ba sj$J 

<LoUJI dlLuiLjall Jla-o ^ Jjp all liA laJLuil (j^-aJ (_jA« tj\ JJiaJ li&ojj 

^ ajISjJI Jb>- jl Measurements 

. ^....jj ajISjII jl-^ 
jliill tllVja-a t ' a J > <a jJ 8-2 

t> aJUII ^jSIIj t VA -j i-aj*j Lpla Uj£j L£j Rated Burden 

(2.5 , 5.0, 7.5 , 10, 15, 30 VA ) : Ua^JI ^1 j^l 
jUj (^aal <JJ jUj Ullc. j Continous Rated Current jUj ^^^l - 

Short circuit current and duration time Sj^j Sao ^ jLg <^a1- 

jLu ■ ' ; ijjuia all Sltll (jj^J Lulcj 4 ^jjlill jUj jLuli Ullc-j 

AiLiJl dolj Ijj LJlcj .jjfot 5 jt 2 jl 1 (jj^! ' Rated LSjjl^l 

(JJjLuli ijLjJ - laJLuij Uila Jla 30 (jfr A-jLa^Jl U£LS J^!^' cjj^- 0 U£ 

. 1A 
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.t^llj (jo jxj^al tSlljA £jL3liJ 3000/1 ^ LLae UL^salj Jjj^ill Aj^uj- 

j^lj ^aI j> Class (jla o^aJI CjVj^ Uj£j L£j t Class -11- 

J\ AiLjaVb 5P, 10P L£a AiSjII ^ Classes Jl 

£i\L*a\j*]& ILL tSllij <jLalL3l ajISjII ^> Ullc. - ^'■■■j <_^iit Class X 
* Instantenous OC Relays £-a Class 5P ^ia^y Ulcj . BS M-Lj^I 
_j l_sjj«^]I g^jll qa Overcurrent -11 S)^J Class 10P ^winij Uiu 

Ua^j « IDMT 

tlALjLjJI Lai t jau^al 2 * v^'.,.*\l ClaSS -It ^jj-aJ LK 2_Jlc. 4jJLa]| 2jjJ( 

•Class-X -j U^a (^Llia ajic 2^ ^-tiaj V ^1 

5P, 10P, TPX, . Classes Jl ^ cjU^ ^ IEC J L^V 
4^ua]| jLui! Jja-a 1 °j ■ ^j"'^ ^t k ^" 1 ^' 1 ' ly^ls • TPY, TPZ 

;_j L-i^u ^^11 

Accuracy Limit Factor ALF 

\jy,i£ IgJ 4^ua]| soa a^aaIj . Saturation Factor aA) <-sj*j L^aJ jAj 

L_uLaJI ^ o«.lja]l AJjj jjIjj (jl jjJ ^lijVI L_uLaJI ^ j-aj jIjj ■ aSl jc. 
jlij sjjijjj i t_ila]l (jl (Jj3 ^IJlIjVI J-aJ jUj ^ ■ -«*l i ^^-ia-aJ t 

.<_sjjlj3l 

ALF = 5 <-ai 200/1 Jjj^j <1 Jj^-« jl jl JUall Jjj^ <_Jc 

sjjuiJ ill laj jl (jjJ j-aJ jl j£-aJ (^I^IjVI jljJ 4^aj3 u ' es-^H! ' 

. 200 * 5 = 1000 A ^jUi j^iai jLh 

2~2 2LbtJ| jg SaJ ^1 lillj ALF <_Jc i*J«J ^Ij 1.1a. £ ljiall ^J.^ill (j-aj 

: ALF 2JV-ii CT Jl ^jL jjj Lib iS ^\ 2_*jij aisj ^Ij 
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Vk = mted VA xALF + I n xR CT xALF [2-2] 

^ n 

£-a i \— 2 4JjI*-a]I (jx Iftl Ijjuia (jl (Jf" 1 (^Jl Vfc Jl 4^<sja] ^ la«J 

jl Uiiiaj <1 (JjlJ 4^oja B max aW-i? 1-2 <tal»-JI jl Sk^M « 



j£i 1-8-2 

s oa ^ liUa t 100/1 , 5P10 io— ^ CT Jl &\i~a\jA Ulc. 

^^Ic <kil^l <j£ajj %5 Ujis (jAiia 4ib <! CT Jl Ioa jt Jj£ 4^_jkJI si* 
. <j;jjliJI ^ 1A t^JI u'j.'kU sjbG Jllal 10 ajii ^ aUI si* 

( Accurecy Limit Factor) ALF -? cjli^l^JI ^ i_sj*j 10 ^jllj 

jLjj J-a^J oj CT Jl I^A jl Jj^ll ^"'^ "J dlLajLt-JI si* ( _ s Jc . lajLui Uj£jl 

^.iJI I:ia JiUj i ^IjjjVI ^ 1000A JjUj jAj 4 cljjl^l (^a 10A ^s-^al 



jlul! Jja*^ V-^l ^Ijt-ui^l 9-2 

jliJI CjV^o Jlk.il ^ «.^JI <JjalA)l^.l 1 .'rj AjxmLJ diljliikl <Jj^ t^lliA 
t AjfLall jUi.1 : Commissining Tests -j <-j>«j L> t <*oiJI 
Magnitization Curve Jl £ t Turns Ratio Jjj^JI <^ <^ia jUiilj 

.cjljUikVI 
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Jjii lAAicj . Jj_j^i]l AiJ j-o jStill (j^jij j^VI L_ijLaJI J ^cjlill ^ 7- II (jJijj 

. Jl.iijVI J ' W J (j v (J^! jl 



jUSil CjV^ ^ 4aJaAi! 1-9-2 

iiliS-ojj diliLo J jliill sLajl JJiaJ 1^j3jj«-o j^pUl Ci\jLfral\ jx 

SjSIjII J S2 Jl SI j> ) j&m jLh jl 

J US P2 Jl PI t> jUll ^l-SLVI jUj »U3l ^ J USb uAi ( V^J 1 ^ 1 
1> £ C . ^ <^ ^ai udJI J jUill jl Jii.V . 12-2 l&^I 

.JI^M 



P1 P2 

/ ~\/ "\ _ Ipri 


S1 i 


f 'sec 


S2 



J^aVI jliilli 4ijlLs jLull tllV^a J jliill sUjI .Ipaj 12 _ 2 J^i 



_J L_ajjjt-a]l jliikVI «-l>^l jS-oJ CT -II jjA-ajJ (_Jj3 Ajllaall 4 a ■ a jx jStillj 

ajjLLj J^j jj Uijj CT -11 c5jjl^l Jjla jy Ji}^ j3 J^»jj ^-u*. Flicker Test 
J ajjUsJI Ja^jjj t 13-2 Jlill J US JtaVtfl JjL ju cJja 6 

J (jn^T jj AjjUaJI (_Uo3 dicj t 4^2lja]| 4-g.aJI JJ j"ljfl"l\jfl]l ^jjijm L_Sjajj ojjWI 
. jJJ,«u]jfl]l JJ ji-aj-all i_s^la]l SI j_j£i U-lic-j t j^VI sUjVI 
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CT J] ia^JI a^SII <ijxJ Flicker Jl jUSil 13-2 

Saturation Test jW^I 2-9-2 

jliiil jjiiUSl ^ Variac jjAIo ^> jLikVI Ija <rti^j 

ij^La Variac -St (j* j^iaii ^ 7- 11 ; <_sjjljJI c_uL&J1 i—sl^Ll ^jjj 

ojljj ^1 ■ . Ujjjj l&-lic. 4jaki (Jjk^j j^jai ^ U SjLjj jlii^Vl '-^^Jj 

La£ a£UI (^^flj (jVlj .t_jlal] Demagnetization dsj.ia. ^ j£hu Ajl^jll 

.8 -2 l&^I ^ liU cj^k. 
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CT jl^l^ 10-2 

(jjj Liij *Uu2 ■ is&J Vfc ^-«J9 4jjlLo ^^Jc. io!i*J ^^^lill 4jj^la]l qaS • ijJ*-* 

t _ 5 4>^ a (jjjj Relay -^jr^s a Lis Vs ^-^j ' cJ>^-* i^kj^ 3 

rjtsll JUJ! ^ US . Relay 

^jioj 0.02 ohm Ujia Jl* a! OC Relay ^hy^l a^U* ^.i* jiLkl 

CTR = 1000/5 , 7.5VA, 10P20 
R CT =0.26 Q 
R L = 0.15 Q 

V S = If-Sec (RCT + R L + Rr) 

= 7226* 5/1000 * (0.26 + 0.02 + 0.15)= 15.54 Volts 
rated VA 

14 = x ALF + 7 M x R CT x ALF 

V K = 7.5/5 * 20 + 5 * 0.26 * 20 = 56 Volts 

5A = I n ^ 

• ikli (jl ^li Relay -5' ii* (j) J UjIs V§ < Vk u' t — 

. CT Jl IJ» 

idlljJaa <J1l}Ij (jx 4jj£-a (JJJ^I ^ijjia U-" 3 ^' ^ ^Jajj 
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^ 4 ^jjJI ^ la£) <£yjl!ill i iUll ^Je till (jill Ciljall 4^aj2 l-buiaJ -1 

.( 14-2 



Ipri 


1 


r 












'sec 


















1 








Z B 



jUI J^, Je. t-£j*ll JoJI Jft ^Ull JfaJ 14-2 Ji^ 



Es = Isec (Rct + Z B ) (2-3) 

.4_uiij ^^lill ' aUl <*jlLa]l <Lojia Rct 
+ i^CsLuiVl AJjjU-o) ^jLuij Burden J-a^JI AijU-o ^ Z B 

4UVn B max t>aJ3 (^J-aSi (^C- Jj^aaJI ^ ( Es) <-ajall f,lVi..n ~2 

E s = 4.44 *F *A *N* B max * 10 s (2-4) 



(ill ) J <^ JjOaJI (-Jail ( *JaL« ^.Luus ^ A 

(50 Hz) ^jUI F 
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Turns Ratio N 
Lines/in 2 B max 



wb/m 2 CjI^jj t ( xJa£a]l a^.Luia] m 2 tlu>.iilJ |jj : 3 1 - 

-8 



cj^u lilfl t aIl^I cjVj^ll s>J ^ (100,000 Lines/in 2 kfc) "^1 ^" 

JJC. Jja-JI IjlA £tJ^aJ Uoi*i t ^j]l IjlA (2-4) fSj <tal»-o (>s Ajj^i^all BmaX 
Lalj t ^-luoll Aa. (_g i»' j ■ " Aj jLall (_paja]l jV ' Aj\S_j1I i^-^l (Jlft"Ili,a^U L-luilla 

.aJUJI eJA -1 ^",,MI ~\. <j| l^^o (jjSja A_i* Jal jl£ lij 

AiL SijU-a t A= 3.25in 2 ajiLLi ^.L^j N= 2000 : 5 Aj^j aJ jUj 
Mj lkJI . 2Q (jjjLuij (Burden) a] a^jUJI SjSUI J J^JIj t 0.3 m jystai 

(jl £Sj!la]| (j/s Ajlj Laic, t ^jl^J jLj-^ £-0 -I 1 UjP all !i& ^Aj QJ (Ja Ai^Jt-a 

?50Hz ^J>£* 3 5, 000 A J\ a!^ jLu JkJI 2JU ^ s^Ub ^ 

/r =35000* — - — =87. 5A 
L 2000 

E s = I L (Z B + Z L ) = 87.5 (0.31 + 2) = 202.1 V 
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i_ajxu ^JjiJI L_ilall jUI jl (2-4) (4j ALU-all lifLj ^^jju loAj 



B max=- —5- = - 202 '^^^ -=70,030 Lines /in 2 

4A4FxAxN*lO-* 4.44,50*3.25* ^°°*10* 

5 



^lL^j j^i JtilUj i ( 100,000 Lines/in 2 ) <^a ajISjII Sj$J ^ ^iVunJI 
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3 



tSSJij (|)Li2j| 4_Aa«JI Sj^J £-^j[s cs-* Overcrrent Relays -31 ij^Jt 

. Ju^^lli Overcurrent Relays -31 cjliukj j ^.iLlo ^jAj 
Jlaxit jLu Sj3>J! J*!jjd! 1-3 

jl_ul3 4_u<jaL3I jxii3lj AjjtLo 1.1a. A-Jlc. (j>^J ' ■ ' ic.V I (JiaxJI jlij 4-ajii (jl L_ajjx^3l (j-a 
jLij jjji ^jJt JMJJ ^j^l <J-«lj*3l (jJajr'i mini J i n^ll (j-a lAA ^jjj 4 ojjIa3I ^ 

■.^j 4 Jiaxll 

lMIo^- 1-1-3 

Jl UIjj ^pll <-ajlia3l cjjlj LJ£ Relay -31 o^- 0 u-^ J-3=*3I LaK aj! ^jJaJI 
JLktVl i_aL£&l Sjj^-i-a ^ ' . u i a3l j^^ii Iaaj . J LmJI jlii 4_aj3 Jlj Jl^ljj 4 Relay 
.lijiL JIax3l jLij 4-aja ^ ^liijjVI <jj^ ' - ' J v ""^ if- oAj«jJ1 

R F Jkxll 4-o jlio. 2-1-3 

^ j^j Jia*3l jlii jla (Short Circuit) linajj o^j^ 1 iPb* £^ ^"-^ 

J-aJ 4 ( Zlf) -3"JI 4_«jILi <_£SLi. Jixll £jJaj^i ^jJJ R A_ll3j3l jl$-a. (jl^-a 4ilui«3l 

. 1-3 J^i3l ^j-a U£ t Fault Resistance, R F J3=*3I 3-»jtiu ^^^u <_sjij ^jUL ^ 

ojlj-uj .Ij-ajJ jpLju l_a£ 4 (^-3j •• ^ „'\,'^' — * \y- L - a ) ^-JJj3l 4 „""j '.' oAAj 

' ^ ■ ' "*-' tj^"^ Majlis 4-aJ3 

Vc 

I F = S ~ 9-1) 

Z LF +R F 
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High A_JUtll 4_ajlia]l Clli JLktVl uLiSSI 4jjx_^a I— U mil jj^iii 4_LIxa]I llftj 

oj-^j uj-^j lU 3 *^ jW> cs-^ ^UjjVI o>^ ' Impedance Fault 

4_ia3j]l 4_jli j]l Sj 37- I £_a - ikj mJ 4 > Jjj-la lilliAj . £ ^ ^ a a J-JC-J J-Jt <_ajlia]| 

jLjj 4_aj2 ^ ' ° ^liijjl 4>^JJ Lff^ (JLlacVl (j-a oAA I °1 ujjSV 4 JJ i-> II 

.aKUI 




LF 



R 



^Lajtia JBLi ia. Jc. Jkc. 1~3 Jiill 

JLaJI jjc 4^jU]I sjl^ill (j>Sj RF Jia*JI jl LjA SjUVI J^Jj 

^jI^jjS ^|>jVI (_>iajjlj ^ audj <LojlLa]l Lali -^l)-^ O^iJ^ ^J^ 1 J) AiLja^/lj t 

4_-<sjlL<s Lolj dlLlo <_£.1*JJ <-0J3j t (j^o (J3I (JJ-J ^-"'is t5-^o (_j-9 

= 8750 



R = 

arc ~ 



R = 



350 
/ 

3000 

,1.3 



Q/Ft of Arc (3-2) 



J jJa Qjt J _jia j»A3 <J£] f.J$\ dll^jj Sjljjill 4_ajlLa 4_aj2 ^ LmJ SijLJI diV jlx-all ^J- 4 ?^ 
La£ bjA^a S)[)jill 4-ajlia jjub jl£ LaK JJaaJI jLjj jijjl LaK 4ji Ai^Lo £-a . aJjJA\ 

^;a^ jA 
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(cs^Ua- Jjaa-« .J.!) AjLaJI 



jJU^a-a S j3 3-1-3 

1 g '«*- JJ*Jj t 4_]Aij]l j i ax oji (J LmJI jLij 4 « jS ^ lc. ojpj_all 1 i aj AjjuiLuiVI (JaljxJI (j-aj 

L$j ^Jaa^a Ljlrkj jJa . Low Source Impedance. <1 jUall ^LiLjlj 

( 1-3 (Jiuill La£ (_gjljj]l (_j.Sc- (jjL-ajxj ( 4_aA=JI CjIaIjxII £Jxa. (jlj ' CjIaJjx 

Q-a S ; K\1 AJjUalU JLjHjj ' ( X s /3) (jji m A-jjlLall j.t laxll 4jjUx 4_ajji jU 

t5- AJLU iS • J-Ia*ll jLjj <j>^ H <j-*J ' °J ..'» (jj^^ J-la»JI jx ^ jA.-aJI 

Strong Source ^jVl ^ ja^I 

Xs <_jA J 1,1 axil 4-ajlLa Q^Slu) lA Aj»3 <xAiJlj A_»2kjx]l jA JaS3 Ia^Ij Ia]_jx (jl liiJaji _jl 
jx ^Ja jAi-axll ^jx AjKII <ijjl»_a]l Jtilljj i AAiVuil\ SJLaJI ^ La£ Xs/3 (_H^J 

•Weak Source I^jSj j ^«l l ^^a^jj -Itf*-^ 5 JI=»SI jLu qAls ' itf^ 



Overcurrent Relays ij^i ^n^t £tjfti 2-3 

4 alia all ^IjjSfl ^ ^jjj ' Overcurrent Relays SAAxla leljjl i^IUa 

4 (JjLuill ej^JI ^ 4ic dljAaJI Jj^i JJaxll jLu <xj3 ^ jjlijll jbocVI ^ Akb J 

jAj t Ua«j S Ha« all SjjIaJI J i a3 L-ljlkxll 4uiaj]| spill jUk.^1 ^ 1 i aj A=kh q] j 

Spa 

: Jllall JjfLu ^jJe Overcurent Relays Sj^J i> ^Ijjt Sac ajI^iII 
Definite Current Relay SAA2_a 3_aja jUjll ^a^j IaJ LJiaJ J^a£ e>^.1 -1 

(2-3 dial ^ l- ^ 

J^j (.jA^Jj AJjax A_aj3 jLull <_5Aj«j lij J-k-aij s>^a.l ~2 

. ( 2-3 Jiill ^ 2-^ij) Definite Time Relay 
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jLull 
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Overcurrent Relays Sj^-i ^ jLill <£lc. : 2-3 J^> 



Jj-aii AjUaJI jl^a. jli < Instantenous OC-j L^jI i-i>*j ^ illj JjVl gjill U 

JUatVl J i aa3 L-LuilLa IaAj 4 £ * 4-aja" jLull A-aj3 CjAkj lij LJiaJ SjjIaJI 

i La-i AjU 

,J^ia]| (jjjj i a3 (jj iaa t*lljA (jj^J OJ 3, ?J^-^ clA?^ <_S^ ^ <AuAajjI <ajuaj 4jjxjj 

F1& F2 pnUill JLJI aJU ^ U£ 1^ ^ V u^ 1 ^ ^ 'J^ 1 

.3-3 Jiill 
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Fl , F2 ^jft JUatVl o?J B a laa oil ts J jja^I 



<i ilua. 4 SjjJai. Jifyl JLkcjU i_L^lia ( Definite Time ) ^IjII g>sll L«l 

1 i aj| 4 jlaj Sp3 JJ__>-« Ail > '<a)l L 4-aj3 jlilll CjAjkj IjJ J i ail 

Transient Fault jjIc. JLc. i.iini SjjWI J^a i . tr lt spall o.ii*i Jtilbj <. JLtll 

ui j^jlc- <J-la*ll (jlS jJa ( J i <aall SjLujj - 1 lac. I <Jj2 S.lla-a S.l« J^*"''J jLfra.ll (jV 
(j^i (JiaxJI (jlS jl 1 ailj i yjWI (J i jj] ^jUjILj ( ijj aall £ i i-> all S.lall s-Ljaajl (Jj3 

L^jIc iaj; >><«ll »"'^ o^_ail ^Lgjjl jj a aj aJ_^>3 -'j ■ Permenent Fault ^l-ill 

(jjill qj<l1 L-ljcjaj ^j-a^J ) Z Line o-* jjSI Zsource ^ f. vVmn J 

<1£ ^jJt i_llij 4jl ^jixj liAj 4 (iyij-a ajajj iaaJI Jjl ^SllOrt Circuit ^gjLoia (jJJ 

.JjVi tJ a\ 

Ja jJaaJI ^ 1c ^-j-ill lAA Q-a jll Sj fra I (jjj Iit . .-i ^jj £j LiJajl Jjj_uuill (jl 4 11«J (j^lj 
La£ jAji^axll JUaC-Vl "Ula. (j^AJ La JJ^I J i <aall (j^j (jj^J ' AjltiLall 

.^3 ^Vlj ji^Vl JLktVl L$i o> f^j 4-3 
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0.6 Sec 




jjftjjll CjI)^ jaj £-42>j jAj t (Normal Inverse OC ) -j <— >Hj £ji ^Uaj -3 

jjlii V <jL , (J LmJI (j-ajj [J jaxll ^jij Aj u£c AJ^AjiJ 1 Lja (J ■ ( (jjajLuill 

4-<u9 <c.^Hd dllc^uj ^gJaxj]j 

^jj Sj LoAjt li_A - ■ aJ LJlftj .y-utlall ^-J>ill sjAJ Cjli 4 alajVl ^g-i -I u£U 

Short Circuit ijJLxa Jjj (jj^ill Q^li loAjcjil ^jjjtAj 4 Zone t>> <-$ Zsource 

.IjjjS a>=^lj laaJI <Jjl 
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: jl/2 





10 15 30 40 50 
Multiples of Relay Tap Setting 



Normal Inverse Jl cjluaj* 5-3 J^S 

j> JjVl : aA^j (> Overcurrent Relay qAj uW^ s- 1 ^ cAj 

i - laJWall Jjt ni'll ^ ja j ai lifL <jj«^i <j-aj -^<-j J' i - ua ; Inverse OC ^>i^ 



jLull Ajj jl LJiaJ Jj-aij Instantenous gjsll <> s^jllj 

.6-3 Jiiil ^ L£ ha. Jlc. Setting 
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TIME 




CURRENT 



Instanentous OC s^j <*-aj Inverse OC jlej ck>^I ^iVml l 6-3 J^S 



Sjfra,Vl <lla. ^ La£ tj/'^ L ajla ^jijAaj -I ik^jgjl 1 4 aJ Sail oj^a.^/! ^ ^aJJ li* J3j 
4 jl^a. Ja.b fli ^ru^ii AjjA=J) : l>a2^l ^ La! . 2 &p&l*jJ&N 1 



: Ua j ijall (jaij <> jj^J jjcjj Inverse Relay JL (ja-L j 

Very inverse ^ISxjVl ^^L^i. oli ^ji^ia LjJ J*-a3 - 1 

(^11 Ci^UJI ^ ^.^Vu.n jAj. 7-3 J£^l <^a >*jVl (jj^itll ^Ilajj characteristic 

I g 1 aC (j^j (jl oW^VI o^A ClllVLa^i jj^i j . <ul±i_a CjIaL^jI Q^i lajJajJI UJ-^ 
Setting Jl i—sUjJal <xjjI Jl At u.i ^ jliill aSj ' - ' la J La-ljt I aoLjaJJ 

j JIjjII (^Jc. Relays Sac -I v^",„l ^LullJ Jl 11a ijiji j -jW^ -laj^axll 
. JJa iu aJc. i-jjali^ <_ji]l. Time multiplaier J a^js u Au 

Extremely inverse q^L^l oli ^jj^-ia LgJ - 2 

JA\ Cj^/UJI ^Ail^ j* j 7-3 Jiill <_si (>jVi <^ia]l aILsjj characteristic 

(J^mi 1 -I ikHjoi^l I 'Uauu oj^^/l s^Aj .Fuse £-a J 1 aall Aiajl (jjnin 4j3 ' . ^ j^JJ 
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Sj^ijAill l^jLI-iLiJ j Overheating jjI)1I ■ 0* CjI^JI aJ^I 'iLj^La 




I 2 J 



1C 2j l/l > 



» l/l> 



Very Inverse (Left) and Extermely Inverse (Right) -II cjUi^j* 7-3 



InverseDefinite IDMT LS ^n OC Relays J <> £*b t* 5 ~ 4 
1*11 Inverse _>4l5 « Minimum Time 

CjljLiill <1U ^ (^iai iai.) Instantaneous <^kaJ <J^ <>j <1 e>* ^ ts^s ^ 
VII* t^xj 8-3 Jiillj .tiiSjlt (jjiij ^ Inverse + Definite Time j$i tdlil .ajIUII 

AjaL^jVI o-l^jll ^ « > iti AjaLiJaj o-l^j Igla (J£ ( «1 i aJ (jl (j^aJ <UjLu]I Ajijj^I ^Ijj^l j 

jijjj J ^jiSj ( Directional OC ) M <1U ^ j i (Directional Unit) 

oUjI (^i JJaxll jlij (jjSj (jl iiUi£ lajlj t Setting kj» all 4^2 (jc. jliill 

.lis. Lille, jliill jlS jl (jSa. J^ixj (jli Vlj 



1 ^ a a I 
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34571 2 34571 

-X10- -X100- 
TAP CURRENT MULTPJE i AMPS FOR FUSES) 



2 3 4 5 
-X IIXl - 



IDMT -SI oLn^i« 8-3 



j ^liill jjj j^ill jjjj 9-3 Jl^l 
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IDMT Relay ^aJ-j DT Realay ^iaJ- a* ^jli. 9-3 J^i 



OC Relay Setting U^i^u*^ 3-3 

s-l^a-Vl (_g&J °^ o^A -lie. (Jja_ijil]l (j-aj lj w "' j ' jlg-aJI lA-lic (Jj-aSJ ^^jll aJ all Ij l^J 

(illiSj Inverse £^>il! (>« jL£ll S^Ljj ajISjII S>$^l L^Ja LaLjJj ^ ajUjII 
olli^l (^i [>Li2jl J&Vl i-ya. Instantenous £>ill i> 

; SjjUaa 4j]tila dlljlaa JLl^Ij lilliA (jli OC jlfr? (.jl K' L ^ Laj-aC j 

CT L_LuAia]l jliill (Jj^-a I ~~ 1 

Pickup J-««JI ^ jW^ ^ jV^' jV^I _ 2 
4 Time Dial Setting so^ 3 - 4 ^ Jj^aall jlua.1 -3 

Inverse jAj JjVl g^jll ^Wu.n Uji (_K>jij olj iaj» II d^a Ju^'i Luaj 

. Overcurrent Relay 

L_LujUa1I jliill (Jj^-a j^-^ 1-3-3 

i jliill (Jj-^-a cSjj^l ' . ' fla II £jaj 4_ilij]l jig-a jjl 4_iMI £.1)^.^/1 Ajutla (Jj3 

Current J-jj^I a j > ni t5 Jt L»j mtn ^L^aVl jLull A_uij ^a <u jLall jLjilli Jl^ij? 

.Transformer Ratio (CTR) 
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: LaAj ( <Lluiliall CTR jlilil (jl.HaJ (jjjj-ajc. lilliAj 

.( Full Load Current J^. <^»a1) cs*^l ^ -1 

• CT ^u*"i1 ' ■ UjoixII jj^a^W jlij <Lajii — 2 
(Pit CTR jliaJ <j! JjVl juVnH 4_L^Ua 

. (jjIjjjYI <^a (^xjJall jUill jjj- aJU 5A j 1A <> 

tjj^ all (J^Li j^ij j' jLu ^ i aSI (jl 1 - ua J CTR jtiij (jl (j * aa J3 ^lill J' ajxll lalj 

.Istijujj ' ■ UjmJ V i_ljLaJI ^ Ijlij ^cjjj 

1- Jli* 

(jjiill ^ jLiill (jlj ( 4600 (_sjLuii bliLa Sjjta ^g-a j . ^'ill jLij J lijJaja jJ 

100 AjvLi. (_£jiLj]l jLij <_£-1j<j Ijl ujjj CT (jl li^ajS jjj i J-if«l 130 (_£jLuii ojjl.l]l 

:jft\£. i.u„vj ^Lull ( X : 5) CTR <jU « jgj 



X 
Isc 



5 

<100 



X 
4600 



5 

<100 



4600 * 5 
:.X> >230 
100 

^JicS *±A1 4_*ja 300 ily^ <■ 300 : 5 <^a kiukA\ CTR cr^ks 

: (^jLluJ Ijlij ^jJUfkll £jJaj]l ^ 4 ii ii ill o^A (jU <UlaJI si* .230 

130x5 



300 



2.1A 



^ i afll Ik. £ciij l$-j^ lajjjjj ' ■ UjojJ ^j] l$jl La£ . (jJf«l 5 (Jiil) 4_ixjjla]| JjAaJI 

:<laj3 IjUj j, .-A jljj 

4600 x 5 



300 



= 15 A 
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.^.lit CTR i JUly « 100A o- Jal ja, 

Pickup Current : ^1 SjW 2-3-3 

( Pickup ) *aJI jL/j o^*i ^4* Inverse gjill <> ajIsjII sj^l aJU. J 

i <_Laxll J jlg-^JI lA^jt I-Ijj jll A^uall jAj i TAP -J ^ « > in AjaS dll acl i «axj 

^^ii'i aaoIII oiA Induction Disc Jl ^jJI ^ A^all ^l;iK;«jj&iyi s^l Jj 
J/il Will i_it&ll I^a J ~i«Wu.ij . Plug Setting Multiplier PSM -j 

jlij jl Ajk. L_ijUlall ja u^ijj . /> _>ajll) IA«C. Pickup Value Jl >«JJ o^lc-j 

id j**j i Multiple of TAP L> J TAP -II cAitL^ ^Lb Lsb Jiaxll 
liA, i liSAj < TAP Jl Jiii aSX J TAP Jl Jtlal jLi J JjSj 

• TAP Clii&l lojlj t JJiaVl) 5-3 J^JJI J J^Vl Jj^-all <jl JJ^iil 

t £^jljjl jLu t> 4jjia jb^uS TAP Jl *UjS jjjaaj Setting Jl i-iluia. Ajiafr Sjjjj 

< t^ttll jlii j> %100 Jc. U^ll ^ Ulkj < UJfr .jU»fl V» Aj>S CT Jj 

. EF Relay aIU. J US Jai a^js Jc. ku^ll & jil 
i—illill J l^ja o4_j=lja1I TAP-ll (jjS OC Relays (jl 
JL (j^UJI Standard Input Jl a-^ <> % 200 Jl % 50 o- Jl a^L, 
j . 5 A J 1A LI aJ Standard Input Jl oj^j MM jW d ^J^-a ^ • Relay 
• Setting Jl jlij Ajl Jl SjLil I s A^uall si* ^^.i iiASpl (_>a*j 

lil aJUJI eiA Ja t 1A <_sj^ Standard Input a! OC Relay Ly^l jl li^ja lila 
jU %75 Jt jl^JI Ja^ lil U d s = TAP = 1A jla 100% Jt jl^ll 
Jl jU %150 Jt I^i lil JSJLj t 0.75 A ^jluy aILJI a iA J TAP Jl 

..TAP=1.5A 
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-^■j-'.-i 4 %75 ^jic Ja jiL^» OC Relay -I ^ J]a*JI jUj ^3 tj.^l 

J] ^Vl ^UJ ^ 300 JLt jlii JJ>0 J> ^Slij CTR = 100/1 

•CT 

: (jl oUx^ iaaa %75 Jc- K"^ ^ Relay -11 jl Uj 
TAP = 0.75 * 1A = 0.75A 

(_5jLul1 oUaa-all CTR -11 I'.'^-J (_£^iljll ' ■ ulaJJ bjmlrt (JiaaJI jLu (jl LaJj 

300 * 1/100 = 3A 

(JjLuli TAP -j LuilLo JJaxll jliia jij 

3A / 0.75A = 4 TAP 

.jjj-Sfl o^jTAP Jl 
Time Dial Setting , TDS J*±\ s j^l 3-3-3 

(J 1 ajll U-t) ^ ,.' w "' I LijU TAP (j-o dllicl 1 iax£ (JJaaJI jLu 4_oj3 LjA^J jjj (jl Aaj 

5-3 tj^ uS (_j-a Cj^Ja tj-JI '"'I .ua^Lall (j-« (jJ-*-« (Jj*-^ (_g ' * tilij 4 (j^*- 0 jLj^ 

Time Multiplier bLaj iS *x£ J . Time Dial Setting jl£^l ajL«JI «1a ^j^jj 
^ ^llsll JttJIj 4 j^fSJLsljL. TMS J TDS : Qjlt^IU ' Setting, TMS 



3- JlS* 

JjiJull (j-aj i_iLaa> i_ijlka 4 5-3 jJj JSJs ^ ^.jJI Overcurrent cjUjaUx (j_« 
jL^aJl Pickup jL L»k 4 Relay -II ^ 12 jxh> 4 JJac. djj^ ajc. 

• 5 — 3 (J^iill 4 ^ji^lall jA (TDS) j> Wu.iflll (j^jll ^jja-laj 4 JJf«l 4 
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I— Li aJJ tSjlill JL JiJjj 4 Relay ^ OjLall jxiall ^ 4iV l^a. LluiJ Jlila I^A 

:<_SjLy oi* TAP -13 CjUtL^aS JiaxJI jLu 

12A 

(as « multiple of TAP) = = 3 TAP 

j»J 4 4 t5 i^ia]l ^JalSll ^jJS. TAP=3 -lit (^-"1) f^J^ ' 5-3 J£*ill ^ 

• 2.0 SeC Lyjii Jiaxll lift Jj-o3 (jxj jl .iajJ 4 tJ iai -ki. jjjjjl 



.10-3 JSJJI j A 



4- Jli« 



©-<■ 



CT 200/5 




51 
ls = 5A 



CT 100/5 



l F -Max = 1400 A 




ti- 



ls = 5A, TDS = 0.5 



4 fij JLUI oUU 10-3 



. TAP = 5A -II J sLU-ll oLjkJI 

^jLu Jiaxll jliia Relay —A -13 3jmiUj 



/ F =^*5A = 14rAP 



Uyij <_sj^y TMS = 0.5 ^ Wu.il 5-3 J^ill (j-o A^uall ai$J <JjILJI Ji-aill (j^jj 

.AjitS 0.15 
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: <_5jLuj e-iic JiaxJI jlija Relay-B -31 L»i 

/ -^-SA-ITAP 
lp ~200/ bA - llAF 

/5 

Lijl (j^a^ij 0.25 Wi)^ LSj^y 5 — 3 "ill (j-a A aW\\ a-l^J <J_Aia3l (J uajll (j-ajj 

j jj > ^-i 1 » j IjJ (j-a)JI (jSf 4 J ' ^t>" ^>JC. 4 a^jlj £jla3ljj . JjjLuJI TMS -31 <_>^ * 

i_aj»ji^ ^illj - 0.3 sec. Ua cgjLuu ^ u^J^ ls^I • Coordination Time <> Jaij 
jSjJj jj^I TMS j»hVunl 4i£ mi^II oia> J^Jj - 4-3-3 *>?JI (^i lilj^'i 

^jjaj liAj ( 0.5 LSj^) Jj-aS (j-aj ^jJc (J Lfla u.i boAjxS . 1 jjjj ^'n'uiW 

?L_LujlLftl! ^ iVio\l ^jj *. aj£ (j^l 4-3-3 

jjAjjuill AcljS jLiic^l Ai.jJ (jl AjV 1 n ajj » <aj TDS -31 jalj (j-^J 

(jli t Jlia3l Jjj^ ^jJt 1 0-3 J*s Mill ULLj 4 bliLa b .^ja jJa 4 S iVu <J| <_As jli S>^?.i 

t ; 1 a-j B -lie. jl$aJI (jl £-Sjli l-ijla t 0.15 SeC (jxj A*J Jia*3l J.^u.i A jUaJI 

^gjj . JjJal <j_aj AxJ (l_jlij>uVl <j-a L-U ui <_jV A JJ*J "LlLa. ^gj) (J_kx3l (jjiij J 1 (jl 

(jjjl^aJI (jjj tJ -i«j (jlalA ts -j«-aj Time Gap ^-p^j _>y" sps j-^j^ o^/LsJI i_ilc.| 

4 ^JaLall Jj^jS (j-aj l^aAl J_aljC a Ac. tJ Jc i_aij£j <Liiaj3l opi3l sAAj . 0.4 SeC JjAa. 

. Reset -31 (>j j ' J«b-a j 4 oiball ^ cs^ Ua^Jlj 

OXaU*3l 2LH31I , 

Af>? CB + 

^Resef + tlnacc + arg (3 3) 

tcB = Operating time for the circuit breaker = 40 : 100 msec. 
treset = Reaset time for the relay = 40 : 70 msec. 
tinacc = The sum of inaccuracy in time measurement = 50 : 100 msec, 
/marg = Saftey margin 
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400 ^ja^. ^ji <jj£i Relays <jj-j jj^tiiSI (j,;^"^ ^3 i_b^ji jl <A«JI ol_>±=JI 

. ^ 300 J\ bU^I J£ J, t *jiC tf lL 

^ iUj 5-3-3 

La£ 4 4jjLaa. l\yal\ Jt &jx]\ j Cllii^alj^ ^^Sc. bLuC.1 TAP Jl i—lLua. jail Ijiatj 

IjJ jjjjS j <jla*SI SjfiJI (j-o OV-lUJI sIa J Ai^La .AjStiSI C^-lU^SI 

Jill! Jajkk ^ jLull SjLj lUa AjLoU Pickup jLu A-ajS Jjixj - 1 

- ialu^ Jiill iajlak AjLaaJ ^La-lkl^aSI OC -SI ~ I> ~ Pickup -SI jlii Ai^lS 

4j.>l*JI o^A 

lV^'<'</.<0.7*/, ( , llin 0-4) 



7> = Pick-up current 

I load = Maximum load current 

K r = Resetting ratio for the relay (Drop off/Pick up). 

I sc min = The samallest fault current that must be detected by 

the relay. 

1.2 = Safety margins Between 1.5 & 0.7. 



jLull L paiiJ) lij Relay -SI Uj*j jj^I; ^1 AjjlaSI a^uII K r Jl jl 

lil Reset <S cj^j ^jj*^ Relay J jS JILJI . Setting J a^jS 

K r q\ Jjii U^iai Setting Jl ^ 0.95 i> Jl 4j jUSI jlilSI <_paiaj) 

. 0.95 

: Sjjall ujVja^ AjU^ He Pickup -SI jUi Jj^&j - 2 

ft - ialu^ O^)^ all AjLo^S S-a-lkluiaSI OC Jl o)^' ^ Pickup -SI .Ipajl 

: 
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7 > >1.5*^ 



.(3-5) 



/> = Pick-up current 

= Resetting ratio for the relay (Drop off/Pick up). 

In = Nominal current on the side of the transformer where the relay 

is installed 

1.5 = Safety margins 

11-3 L£ J5j -ki. 

^l^kl^lj ajjUs. ^ 4 (conductor rated current (jaij jAj ) jnJt 600<_sj^ 
800 ajjjuu ^.Wu.iflll jLj Jja-a j 4 1A <_sj^ Standard Input aJ OC Relay 
SC Jal <jl . Rl & R2 :U^1\ <> ilil TAP -SI t_A^| .1: 

. 8000 A ^jL^j Current 



R2 

■o- 



5- J15-1I obU 1 1 -3 J£S 



1 sV'i-^ jni 1 «(j 1^1 t^jjjl^aJ] (jj^J TAP -SI (jli (j^i 

l-2*^</><0.7*/, Cmin 



R2 j Rl -S Tap -II 
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1.2* — < A < 0.7* 8000 
0.98 



734.693 </> <5600 



SJjix^ ^ j 0.98 -j Reset Factor -11 ^mju ckl^ ^ aIjLJI itaU^ll ^ 

4-OJ3 jl jla I 1 jj£ * ; ' - 't jl i II jj^i j .AjjAaJI *LLoijj]l AjI^jII ^j^-^l al ^"'■■■1 <Ula. 

i jlilll Jj^-al Jj^jII ^aja ^ % 100 JaUj ^ j 4 jjjJ 800 j Pickup jlii 

(jjjjlilll i_ilojl JJfol 1 sjIaLi jlij JJJ-o Ait 4jl Ij^iaj ^jj^J IaAj ( TAP=1A (jl <_jl 
.(Jj^»i]| jj tJ ia*J J (J-a*J t-jjjj AjloaJI jlfra. <jli ^gjlAljVl ' aLoJl ^ JJf«l 800 jl 

i-jj^ 5 _ 3 .'Ml ^ AjjjJI j Relays -j 4_^>UJI d, iLua-LoIl j_o j .jjjLJI Jliojl ^ 

. 0-5 = TMS jAj (^ja-i- £>J jtiaj 

8000 4_oJ3 ^jJI j . <a£ll jlij J-^> j IaI <jl Aaj ^ ia-Loll li& (^Jc. J uaill ^Lioji 4ij*J j 
0-16 (^l J-^»J J > .-i^ll j-oj CJ 1 (TAP -SI i_aljuJai jAc <_£jLjiJ La jAj) JJf«i 

aju (JJaxJI <Jjj«j j»>i; u ' " jLua.1 A-jLa Relay Rl -IS 1 . 1 ■ ^ ** * ^ *"«■ *« - jLiiiV j 

jbikl ^ <jl Aaj CjUiaaxll ^1 £^jajjlj j. 5_ulj tJ -Ha 400 AjAa. ^ t^^Jal (jxj 

JJJ-ol 8000 LSjLuy JlaC. jlij Ait Rl jl$aj| (J^>3 (jxj 2 ^'iVlnti jA TMS 

jaSj Relay R2 jajj <au (>ojll jloU i-ij^u 3JUJI »aa j . 3_ulij 0-5 j& 
Jlj-a. (j^jJI (jlaU i_aj_uia 3 = TMS lil Lot ' (^JLo 350 Jlj-^ 

^jJaxj (_ja1I ^jj^loll jliij jjl (JjJaaVl j ' ^[;lilkl lloLol (jj^iJ^ LiA j i Ajjlj ^^lio 450 
^ la j all jLiij i-j JLiSLi j t AJliLoa. Alj-o]l j i tajjJI <Ja3la_Al] ^J-"jl (J^-a2 

•TMS = 2 <d ^ ill JjVl 
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(j^filja. Jj^c 4_u^£]| AjUaJI ^Jaj 



.J^l jLp % 125 <ut J\ 600 : 800 ^ Load jlii Jl Pickup 

. Overload iiij.ia. s>c <Jj^»ii jl <j^y ^ ct^s 

jjj ^jljS Relay ( _ s i«iH Jjijjii]! e-lj 3Jaij <ji Aaj OC Cll n-> La <jjp (jx (jSlj 

^ aJj) cllj-la. .Ajc. 4j1 lift ^jix^ j 4 Ajj^aJI sj^Sfl <^a TAP -II 4^3 ^ 1.15 : 1.1 
:<_J) <la.h jLjill J^Jj lij J-axll (^i LJ*i I^JJ AjI *aJI jl$a. jli %25 UjA2 (JaaJI 

7> = 800* 1.1 =880 A 

Jl <Ulaj jjfcj (j3 j»j (j^j , JSjll -kaJ (jiiLall jliill <Lajji 1.375 J^*J jLi^l I^A j 

. Overload 



Instantenous Relays 6-3-3 

Cjli ojJaaJI JUatVl <> AjISjII ^li. OC Jl 

. jL^al] liLuj A aft (JJaaJI jLij (^Ajuj ^jl ^ aj LJaaJ (J i aiij L^-iV ( _ s J\_aeJI jLiill 

.dll.ia.jll s^A iajj a V'<-- ^^C-ljM (jl ' ; laj ' " 'jj^ I o-^C lilliAj 

jU 4 11 _ 3 JaJill ^ La£ jajjaa La^aiuix jl$aJI (jlS lij :Vji 

J^^ij ilyaj lg_ft Pickup Jl 4^j3 kuJaS jl i_iaj L <]aa_a ^jt Instantenous unit 

Symmetrical r.m.s Fault JiUla JL& jLj ^j-^ai t> 1.20 <jr^ 

'/»'' <1UJI ^ ULat Pickup -SI a^js] .4jHj1I a U-\A\ Sic Current 

oljj jLu i aSI Ij laj Vjl ' ; la J 4iU 4 ^^-J' (J^jjoII Rl j^?^ iafiJa ^jc. ^iLaS 
(_Jcl ^Jc. Rl jl^aJj tJ JaaJ]l (Jj^aill o^aj Luj aJ Uiiuj 4 R2 jl^aJI 
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(cs^Ua- 4_u^£]l AjUaJI 



jjx (ja l-lii Ja±JaJI dlljlai. Lajl^S JWLlj 4 R2 IaI^JJ 4Laj3 ^jJtl (>a 20 % 

. jAj^aJI (J i aj ^ja ^cjjJjIL 4.aoj jxi jAjuaxll 

Sllia Rl jl^aJI (J' ail jjl ' ■ lAjliii.1 ^ .132 4 o^jljll %20 Jl 4_iuij (j^a^j-aij j 

Apaj ^ UaaJ] CjVLaJaJ t*lLiA jl pjkxll ja 4j| 1 - Ua 4 R2 fLal JJaft LilaaJ 
- 1 laa.y I tj"^ " ' CT oj^-aJj (_jJ-ia]l *3£-^l eUail A^jlj jLiill 

O^A f'-'l ^ ' ■ UxjA\ jA I^Aj 4 (JiaaJI jLu 4_ajii ^j-a 20% 4 Jmi ^j-a (jj^J La Lajl.1 

.4_Luij]| 

i-ljUJI AjISj] ^k^UI J' aill CjI^-j -I lalual ^ %50 J] Ajj Ajj^ull e^Aj 

i_Lb^j ^UJI J^all t . nVn Power Transforner <_sj^ o^a=>_a] ^IJjjVI 

^jAj AlAi. j' ajc l^J ' °1 i aJ SJLaJI a^A ^ji 1 laa II Cll in no (jV 4 (.SjjLill i_ljL>]l ^ji pi laaj 

4Lwi ^ij ^ JWIjj t Transformer Inrush Current o^j^l ^ g-teiftM jLu 

. 20% <> V* 50% J] J-3a-ll Itill 



Cooled Inrush -Si S>Us ^ J*buii 4-3 

a (jj£^li i_JLl]I ^ (jjiljl! (jU La 4_ii.la ^jt 4-U^^ll Sj^jull ^Uaijl 

%50 O 1 ^J^ 1 1^1* 
a^A (jli jLull ^JtU ^jl oLw-a l^i 4jlii]l ^Uaiil Jlxj Ljjj^ai jail i_LySj]l 

Starting JLJI e-lJI jLu (jl «L«-a I^Aj 4 S.iajj 4 aaJ ^ 4jJ)ia JxjJI ^ lli'nn 
4 4 h^lll (jjijj ^ o)^ja.Vl JS (jx 4 i-\ » .1 jalijj oj^a-Vl s^A Jla ^ I ; 1-> i aJ ^ill Current 

jjte J Overcurrent Relays (>a*j jl Vj Starting Currents <^=«-» 
s>a cjLii-all (J^-ai ^ ^tilbj Fault Current s>u«ja JLJI jliill li^j 
Jj^jia i-iajj j«j JjiiSull iic. ' - ; Inrush -SI jLu (ji \±aJ£\ s^A CjpL> LiA 

. Cooled Inrush ^^^a cjVja-all 4js "c^jj" 
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Jjjia (Jj^a (j^j aJ ^rt'u tJ Jc. OC Relay J^*-^ ^jj <jl <j^y ^1* ^ ^ ** «^ <J=4j 

*Claja] jLull cs^lP *"^ c ' tSllij ' 5 — 3 (J^ '"''ill __)jilx]l la Lall <jLa Luuj 

Jl ^ji-i s^a jjxj J Relay -11 Uj»jj Starting Currents cLiikI An^UW 

LaLaJ <j15_j3I o)^! (Jj-aiij ^jjll (_g^i.VI JjlaJI (_pa*J (j-a (Jj-ia3l lifcj . Aj ^^li-aVI ^ iVlflll 

Iaa <jV ' <J£LLa (jjj Inrush Jl jj>aj ^auu ^^ja. ^Ijj «-Li_)$£]l fcj^j ty^i cs^ 

AjI^J ^ (JJat Jjaj ' ° il ■ (jl (j^-aJ ' jlaLa_a ^^It klj i_jjLaVI 

Earth Fault Protection ^jVi JU^Vi 6- ^Ujll 5-3 

ajISjII ^ l^»|jaiual jA Overcurrent Relays S)^aV aj^jII CiLI-iai^/l .iJ 
OjS ^jVl c& • Earth Faults, EF a^jVI JLWVI 

LjJJjb ^ leja. L$-i2 (>ajVl jjjSj V (jjll JUatVl Lai . JiaxJI jLu l$J3 j^J ^1 AikJI 

Earth Fault <> Ailia_ajl ^Ijftl ejaJI li* ^ (j^jalouj . Phase Faults LS *^ 

.jW W^- cs-^ cs^' aju.Lu.VI s£all j 4 Relays 

<jS3 i Overcurrent Relay VI J^VI ^ ja Earth Fault Relay J ^jj 
) 51ja oUjllI ^ j^ki ^ill i-jjjxJI <uaj overcurrent jWai .Ulia-« Uaj ia.L 
64 ^jj CjU-jBI ^ Earth Fault Relay Laiu t ( Inst) 50 J ( Inverse 

. i alia « yjUl ^ 4 L i a i_J jLoil (j V 

Residual Connected Earth Fault Relay ^jVt *5j>JI 1-5-3 

I(^ AjjLuila AjvLill A_ajVl Cjljlilll (jj^J (Jjajuull A-ajjjall L_Sjjla]l ,j Ail L_ij__)»_a]l (j^i 
aJU Lai .l_)i_i-a (_5jl_uii AjvLill CjljLjill] ^bl ajVI c-j all L«£ t = Ig = 1^ 

0 iA I g jIc. CllUJ ^^jll S^a]l oiAj . j»' all (j^i ^)j£l Aai3 (_gjl > aJ > .1 g-j"-^ all 1^3 (JUaC-VI 
J£JS ^ La£ Aii^lll Oljliill ^a^a AI>U j^u] EF (64) jL^ Ji ^ ' ^-ai^ 1 

jL-JI ,j_a !>Li]3 ^j-Jcl A_aj3 (jc jLiill o^Ljj AJLi. ^ji (J^jS ojLil J-lujj jLjjaJlj . 12 — 3 

. (Phases ^ ^Ul jbill <> %20 oj^ ^ Ult) 
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CT 




J 1 

CT 






CT 











EF 
Relay 



JjVl *L>1JI 12-3 

Zero Sequence -j jLull ajSj- jj$-k> 3 ^ajVl JLkcVl <UU. ^ -k^oli 

' o^jfrW ^ J jLS lij V) j frki V ^j-Aj aj^L^I a-iSjJI ji Current 
= I A + I B ^JQiai ^b 1 ^ 1 

« (jl Symmetrical Components -icljii i_ijjx^j 
Zero sequence JliJ AJiX <j1 3I 0 lSjWs ' -SP^I J!>*.Vl ^ jL^ + I c 
ajISjII s>£=J gj-ill li& ^-a^y l^j ' ^j'^jVl JUatVl <JU. component 

•Zero Sequence Relay 

EF In Neutral Connection AjLjUl 2-5-3 

j»jj»_aj . 4_ajlLi JvLi. (jj^J A3 jl Solid»J-»Slf« (J^jVI iS^l <-S^ Li>^ ^ 4 ] > sAAjt 

cij^y Earthing Connection o^ifa aL^ j <_£Lk jLJI jLull jl 

Stray <_£5Li (j-a Ja_iJI (JjJa ^j-ic 4jj_uila CjjjLij ^5-2 (_5-^J • ^ 'J.'^ 

'lAjk - Jlj^Vl \jjJ (^i - <_sjl^y ^bW^' o^* ^j- 4 ?- 0 Capacitances 
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(tS^L?- Jj^c 4_u^£]| AjUaJI ^Jaj 



AjV JJaaJI jLu jli 4 4j!&i]| JajiaaJI Aa.1 Jc. A9 1 u>,j\ N U<- lu^j3 jj 4 jVI 

4 ala « yjb liSliA <jj£j (jli Vlj ( a]ja]I Jl Ajxj] (_K=jVl J^Lk lijjia Aaj <jl 
al-Lall S^tlall uij (_K>jVl VJ (jjJjiaJI IIAj .SLl^jI JJaxli IjLij lilljA 

ojjIaII <J-a£jj aJjaII Jl ^jJiJ ,_paj;lj]l <L^aj JJ 1 ^g-gjis j ( A_JjpH ^!>Lalj A-iSj^JI 

jj^i ^-1JJ3 jl (jj^J ^ »,.'.' ^ <Jjijdjj]l s-lljl J (_pajjti]l (J^Li jLi^l (jls IjA (j-aj 

^^Jo eAAj ( (JJaaJI Sp3 JvLi. Llllc Ijlij <Lk«a j]| aAA J a^J 1 ailj i j° i all 
EF jLg-^ £- J -' a J^ t>1 - 1 3 — 3 (JS-iill ^j-S j ^ laJ Jill 4 L > .-ijlll aAA 1 fljW. Cll-Uj Jill 
J i dua J 4 li; i h jjljj t 4ii«aj]| oAA Jc. CT <_£>Li. (j-a (j^aJjliSI <Lk-a j J Relay 
^ IjjSi La£ J^l*J 4 <L^a jll aA$J -J.'^l ts-^' ^ J-° l^j SpWI 

. Ajjlaa. j.^Wti; jlall jLjjl| ^aj3 jjx 20% Jlj^Vl ejJ 



=□ . 

EF 

Relay 



■^n\ a^yi 13-3 



Core Balance EF Protecection ^1 3.5.3 

Ia) jl i (j^aj/till Ai^jj] J^jll <jjlj]| Aiykll J Ia] ^lL aJ Aiyiall oAA 

flAAj .X-a ClIjI^II <J La£ JjVl <ib>k]l ^ oAa. Jc. A^.j J£ ^ jLu Jj-=>-a 

Jc- Core Jc- s 1 ^- 0 J f^"""-' WAj • 14 — 3 Jl^l J Sij^k]! 
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(jJc EF Relay l-^jj Ldu t 2L££1I oljliJ] UaUJI tSSiL-Vl t <ik JlJs 




%m\ aI^jLI] 14 -3 Ji^ 



Sj^^ Earth Connection J^-aJj jU <JjI£ Jc. Jiac. ilij^a. <SU ^ -d 
15 _ 3 JiiH (>« (^jljll fjaJI ^ l«£ Relay Jl JUiSI ^ <_ui .'ii jl jLaj 4iLU. 
jjaj SJU. ^ ^£1 .JLxll 3JU. ^ l_>L^> ^gjLy Core Jl J^.b jliill Jki dia 
Core -II t> g >^ J Earth Connection Jl Ji.^ jl i_l?j2 Core Jl Ji.b Sheath 
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CORE-BALANCE CTWITH CABLE 




CABLE GLAND/SHEATH 
EARTH CONNECTION 























sz 


NO OPERATION 













> 








1 


O- 




OPERATION 



JjISII Earth Connection J^a£ 15-3 J^S 



AjuIjI! 4-5-3 
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aju^II Aij^ll 16-3 Jl^s 



Combined EF and Phase Fault Protection lilt *L>il 5-5-3 

Phase EF Protection ^I-illJ J\ UjU < AiLLJI JjjiJI (j^t ^ 
LgjSi LpL^al ^,1= .^blb ^j. 17-3 <_&^ Protection 

. 4-1^1 «V.I 



CT 



CT 



3°°t 



CT 



1 




OC-3 


OC-2 


OC-1 



EF Relay 



^yjl Aij^ui 17-3 js^ 
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Residual Voltage Relay ^IJI ^SjjUI 6-5-3 

<££ll <^jbU J^aJi ^ jl Aa^jVI JUatVl <-JlL£S^ Lij AjjjxJI (JjJaJI <> 

jAj Residual Voltage ^j^y V A + V B + V c gj-^j .oljLull Vaj 

^jji (jjju, A2j j Ajj^ajVl JUatVl 3V 0 lSJ^^ <pL*JI Jlj^Vl ^ Iji^j <_SjLuy 

.( 2-2 Ji^) ^LMI J^l ^ 2ujS1I o^a Jj.^ll VT J^jj 

EF Protection ^1 _>> 7-5-3 

,j_a EF Relays -I ajj^LuiVI S)-La]l jl lw-Aj ^SjLuJI Ji>ia]l o^j)*^ ■ u-"> 
(>> ^ Phase OC Relays ^ LgJ jj^aii ^Ij < JLktVl 

^ lilka jLj <ua j_aj ^ EF Relay jl '"-j^ 4 aJLkJI aJJI ^ 4^.jVl ^ JLktVl 

j»j ( ^^jtJjJall jLulLi AjjlLa 1.1a. jjij-a jlii Aj2 ^aj <Jlj^.Vl «-_jjjI jl) AjxjaUI (Jlja.VI 
jLij (jjj Ijlja. ^-iJalj jjjflillj (jjlillU LjA ,j-aj i 1,1a. JLc. jLij <U j-aj 

^ KJjlall jLiill 4j j^j jl^aJI jU A^jVl JUatl (>a AjlSjll ^ OC >\ ^JLi. ^ Lai 

4 a*j JJaxJI jLij A-ai ^1 A_aji]l £ Jiat djj^a. Jj3 (Phase Current) 

EF ^-i LaS I>jj^ o^iJ (J_k*]l 4 wjiMI SJUJI jjj Discrimination 

.Protection 

^i^b OC Relays ^i^^^^i^Sri 6-3 

OC Protection j i_sj*j La jAj < olluill ^ OC Relays -SI s-y^Jj ii>^ 
LaS o^a. ^ Phase J£S J^-aiia OC Relay ^l^l^l 'kA>H\ ^ ^ . Schemes 
<=LjVl ^ JLktVl i-jLSj£l ^ Sj^alLi AijjiJI s^a jj^Sj . 18~3 J^ill 

.^ai 
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CT 



A 

I 

Trip 



zf 5 ^ 



(OJ) (OC) (OC) 



Phase J£ J,-^ OC Relay r l.aiSJ 18-3 Ji^ 

itj^-all ^0 Earth Fault Realy ^vVu.n SJUJI o^a 4 JkxJI jUj <ai2 ^UsjI 

. 19-3 J£ill ^ US 2ULUI 



CT 



Zf^t 



zf^t 



Trip 



(OCj (OC) (OC) 



EF 



LjJ EF r \&U Phase JS1 OC r l.ai3J 19-3 
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Two <_Je. OC Relays Jl S)^?.l <> iaia jlSI ljjSjj jU^Vl <> 

Jl oljlij ^j*a-o <j3 jaj <_jill jLaJI ^ EF Realy <J <jr^ Phases 

^.vVu.n dija 4.^1 . *l£\ l^jL AijjJall oi* jj-Sj . 20 _ 3 Jiill ^ L£ 4 Aj^l Phases 



-□ 
-□ 

— Q 




-SI EF 



iaia Two Phases <^a J^aiia OC pi 
dJiai Phase 



20-3 J^s 



4j^jSH jUa&S?l ^ jll S JfaJ kj 7-3 

<J oj-^j jW?- J i-ijj-*^!! d-& • Overcurrent -Jl a) kj 

(jis 4 1A <J^ EF Relay LyJ J lijaja lili t 5A j 1A L>] Standard Input 

. TAP = 0.2A jla 20% Je. lil 2JU1I ^ 
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4 %20 tjJe Jaju^i« EF Relay with 1A ^hvi.nl aJU. JJaaJI jLjj tj.^l 

l-liUJI (^i JJiJ 60 OJ^ JJJ-" CST* CTR = 100/1 (.liiiiJ £-oj 

.CT ^IjSjVI 



. TAP = 0.2A -11 j j«i -kia %20 Jc. Ja^ Relay -11 jl ^ 
^jLy sUa*JI CTR -11 ULJaj JIUI ^ JL*3I jlii J Ujj 

60 * 1/100 = 0.6 A 

(_5jLluJ (JkaJI jLj jil 

0.6A / 0.2A = 3 TAP 

A i mi ^lAaJjjl j>li laSi Jjjillj . jJf«Vl <_H^J TAP -II j^A liA (jJjall aAaj jl Jia.V 

i-u-Mj ' OC Relays aJU sjUI ^ L«£ %150 o^j J 1 ^ t> %20 

<Lj| (^jx^J 4 JI^Vl jjii.t j_j£j EF Jjlj-i ^ jLull jl Jj-aVla 4 j^alj 

4 ja . *Laj3 <j3 jliill jjlaJJ jl ^j-^ aj — Lyiaj — (Jin *ij 1 - ua J Relay -II «a j^-"J 
Cjljlilll jjji jbueVI ^ji iiiiJ %20 4 uiii - mj Ljji ^iljll (^iS 4 (j-l^C. ^>JC. lift j£]j 

. a iVu ail phases ju ^-j^i JSL«j1I (Oc. cjYl^aJ U^ji jtijeVI ^ i^Ulj 4 o^jLill 

jx JSI (^Jj 20% <±uij (jiaik all jl jl^aJI Ajju i Luia i ajljj i—ijlkall jl£ lij jS-«jj 

Unsymmetrical SJiiLla j-jjJI cj^Lull <_aja <_j maj 4 a J ,„^\i . ^ 

Lub Setting jj^J Vji 1$j-AjS i-iao ^jIIj 4 SitjiMI Ljjjill ^ s^jJI Currents 

oj^l jjJ LaJ2 t5 -"jll (j unl'll l AjJ •l (S"l«,1 i ^ j-o tpcl 
^jC ^l.-^a'u aj^A-aJj ^axjll 
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4^1 jilj^l ^ 4JijJ| S J|^i ^ Wall ^ 8-3 

• Setting Jl JaiJa ^jc. Aihl] ^ti^j Ui£l £j)jj]I jjIj-^ ^ Iajj^-j jiili jjIjJI o^a 

jxli3 ( (JjVI et-a-SVI ^ A) J v (jt <iakj .IxjI (j^i U^J (Jj^aill 4A«jl (ju'i'n jail 4 4jI-^J 

(jjj j naill (jxj jAj Time Gap fy. ^ ^jj^ 0.1 clA^j <j-°j ^p*-^ ^ 
0.1 Sj^Vl 

0- jl^ ^ 0.1 o-j jli^l fn JUL . 1.6 -1.3 -1.0 - 0.7 - 0.4 - 
^ Sj^Vl AjjlS 0.3 (>j i-iLij ^ ( ^£11 <>UjVI ^ a ) <_s>.Vl <$?JI 

. 21-3 dial US aaUjI 




iuikll j^JI ^ OC Relays Jl 21-3 J£5 

^IJjlaI] ^jljaJl J^tf! 9-3 

(TDS) ajliii.1 j»J <^iJI (_g la-Lall (jl (j-a iSbjl ^alj (jl A-ilijll o>$-?.l jaj '^i £-j|_p j»-*l -^l 
( _ s Jt pLli 4-il ( J-^l ^ Ix t Cjl-la-al] 'Lia'i/I AjjIjaJI JjA^JI (^ jlill] (J i a3 (j-^j JT*',' ■ 
' (T) (j-t) <L-a3 j»JJ i bllLa (Is q) J i aSIl jIjj (jl (j^l LajLtA ^ 1 ' <~»l )a±> iall dll_a]aa 
<L^p ^ ^lijjl ' ■ U i aJ (j] yjl-JI (J^aS (JjS j^u (^1 ^ilajll spill s^A (jl .iShj (jl tJ ij <j£] 

. Igj ^jajjkJI Jj-laJI (j^i A^ljJu ^jl^stxJI 

Cl>U£]I bliLaa t CjIax^II ai$J * Cjl£^ill Jj3 (j^ Ia^j^j ^j^JI o^Aj 

~* '"' (Jlj Lall (jji-ij (_5-Jcj ' 22-3 ja-3j *' ^^-3 ^ jII liLlj (JjLa i-il ^ La u 
jajj 4_3jxajj Ol_jj^la]l sAA J^-L (j-aj .^JjLa^i dll jja La dlVa-a ■'^j CjIaJjaIIj uLSjiJI 
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jjj jll <La jlaia 4 jamljj <Lua3 Jjj j^-aill jLu plaj o.la <jl [j* • •• Lif. all 



7-Jti* 

^ La .10 KA jjAa. ^ (1/0 AWG) JjIS J>U jU J L^ja ^ 

.jlilll lift (Jj-aS (j-ojl JjjaJI 

: JaJI 

4^ ( ^afal j^ll , L^aiia ) 1/0 AWG JjISII o> 22-3 JS-ai <> 

Ajc. ^g-uil; Jai. ^ialajl! SJaij <jx aAc J i <aa 4 16 Cycle (j-o JSI 8.1*1 jliill Ij& J"->* 
J «Vi . .ail liLlaaJ Jjl*ll Jaa. i-Jjsi Jft Ajjfiall A-ojSIIj 4 10kA JJC. Jaa,j 1/0 

^ ku^ail - J JULij 4 AjjL 0.267 (> Jai k«j 3JU1I 0 1a 4 <Ji£ll Ij$1 

jj-a (Jil 4_?i*j SpS (J^-a. <L-a3 ^aJ l*lUa (JA^ll ^^ic Ajjl^p. Ja jauJa J 1 ■ (jl <ULaJI s JA 

.Ajitt 0.267 
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kcmil 10 
AWG 



60 80 100 200 
2 1/0 2/0 3/0 4/0 



300 500 600 800 1001 



^jl J^l CjUa-La 22-3 Jii 



Directional Relay ^uttiUaj 10-3 

JjVl J— ill ^1 liyiaJI 
Sj j-^l dlj gJa 4_]lSj]l jj—a I.1-& Cjli-uiLulj I <_lAlaJ^I 4_]lSj]l l^_l« -I v^* mb 

jljjj *Lijj (^Jc. Lgiat A^kj ^ Electromechanical Relays 

£-» (-Lualjjj jljjj liSLiA jl£ ^^UJI Overcurrent Relay ^jia .4^" 

Aj-la. J^uJ IfraJI ojLSI -I I^JjJ ASS AjaLj^I AjISjII ^ LI .-ka2 jLull o^Jj 
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lili i jliilij a$.?JI cfij^j dyj ^Suy 1 . 1 1 ft)*^ jj-^ <_>^)^ g i^i 

Jliiljj 4 jjAj q! (j-ajill jjLi (dLsj^/I (_>u£c. jLull JJJ-a 4 aAA lA^jju 

. Jaia AiJj oL>jl ^ JiaaJI jLj lij JjAj ^ (J-ajill jl jAj - ^ojiiajl L_aA$lI UL^aj 

<1>U«]I ^ US Torque,T obj- 1 ^ cs-^- J-«^ csaUj^I jl^a. ^oi^'i ^Ii j 

-.urn 

T = KVIcos(9) (3-6) 

Maximum -j LiaJ iJjjUj jL^?JI (j-LaWu^ll jLullj ^?JI <jjj 4^1)11 6 <lya. 

Lis ^sll A^Vjll Torque Angle (MTA) 

Overcurrent Relay £-a Jlj^l ^s-lc- Directional Relay J^jj ^ U LJlc-j 
t (^llaflj ^lij ^ Overcurrent Relay ^ ' ls-^ 

jL^a. jj^Ij ^jikii Jplt] ^ jJ U Circuit Breaker <jJ J-^>i]l SjUij 

jljjAJI fj£. A alaia ^ cs-aLai J-L*JI jlS 111 ^] djAaJ (jj La jjfcj 4 ^Laj^l 

(' ■ 'fj"^ 

^ ( _ r i*AJ 4 SiLuill <LUjla]I ^ J 1 ' 0 '^ jLullj dJji]l ^jLij -I laJlml ^L-aJ V LLaC 

' " Ua J jLjaJI » a ■ (jl ^ * aJ 

T = K V a I a cos (9) (3-7) 

4 ^ijjj-^ jLull jji Phase — A t5 ic JJat dj ja*. Ait <ul jAj 4 <_sjAj^. i.ijml tSllilj 

jj;ir .^1 (jj^iJ-u (jljj-lll fje. JlilLj 4 lAa. (jlaja-ij m phase -II lift Agja. jl 

(jjiLi <jl (_JjjjjJa]l (j-a jL^a ASS sAA ^jJc. k . 1 liullj . (^Lal (JJaaJI (jLS jj ^jJia. 

. jLiill 4Aa Aa.1 (_ja1I JJC- (j^i i^a-La iajLull <]^la-a]l ^ - laAmxll A$-?JI 

(j^aJ (JLva]l (JjfuJ ^^It 

T A = K I A V bc cos ( 9) 

T B = K I B V ca cos ( 9) (3-8) 

T c = K Ic V AB cos ( 9) 
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4_jjiV>H tiu^ 23~3 Jiiill ^ ^_jalj 4 90° connection Al^ajlll si* ^g^j 

(j-oj .°90 (_jA ( Vbc) W 3 f A$^JIj ' ( I^)j»)«JI Aj^la^i ^ ^.Wu.iflll jliill (jJJ 

. 90° connection j lgn«.in cj^U Ua 

4j^jj 30 jl-^aj ^.Wu.iflll shifting d-ac 23 _ 3 J^ill ^ US (jl^ lilliSj 
131 jjia-ixu ^jc ^ i^aal jla aJUJI si* . ( 30 - 90) aIl^jjIII ^j-a^j Vb c 

IfraJI <jAJ 4_Jjl)^ ^ * ^ '"*- g .' ' ^ 60 jl-lLij( JJaaJI S a-ilj) jLiill A—ijV; H>J*J 

R , f^Vn V a , I a OH AjjI^I • J^-=> lSJ^" la J^ljVbc' 

JaiJI L_a3 jil Shifting <Jjlj jLiii.li j»J (>ij iaa II j <j^aUJI X 

i-JjUc j a Sc. A^kp 30 JjAa. ^ji ( J LnJI 5 a-ujj jLdl <-ll>J*J li) 4jl I i aJl SaA^Ll 

(JiaxJI (jl ^jlc (Jaj ' ■ 13lJ a jajc. lilljA (Jfaj..-« <cLJI l_Jjlic. slajl ^ 150 jl <lclul]l 

^ jliill jl c£l ' IjJLj ^ i . jajjJI jli AaJI Iaa AjjIjJI lil Laiu t Forward 

.( Reverse Direction) ^5^*11 sUjVI 
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j : j : j : j : j tort^ : j : \ 
'■ : : : ^toi? : j : 




( Power factor = 1.0) ^ISjll j^U- 23-3 

Overcurrent -SI SJf*i 11-3 

^ I Digital ja Jaj t <£. ta±L ajIS j]| jl^a. ji pa I oLIkla s .sic. ■ «v^~ 
ajIsj jl^a. <aj>L j> c.j=A\ lift ^j. Electromechanical 

.jil ^ j> Jaj^I AjUlkla 4 (Digital Overcurrent) 

4 Overcurrent Realy UjtL>j jl ^ CiljLikl s^ic. J&l ^ .lajj -ola S-ilcj 
.cj^LikYI ^IjjI ^aj Protective Function ajISjII cijlij oljUlkl -1 

.^LSII 43.1 -2 
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(tS^L?- Jj*a-a .J.i) Ajj^£]I AjlaaJI ^Jaj 



jgji. ^ i ail 4 la a o.la3 Aj jai jLu ^ i ailj AjjjgSil j^j i aall la 13 Alaaj — 3 

OJ-a (_3ilaJ j ^jjijjj JJC. jLjikVI IjA (jl Aiaa^La ( (^Jl ... JJjp ^ » ,-i'M — 

• ^l>jl OJC. (jjj AS.^-iUiall Ijc. oAi.lj 

5 jlull JJ>a ] l^jj Output Contacts -S3 o^UI Jatfj jlua.1 -4 

(J' a3 yjlj (_J jiiui (_£jll jLull (J i Ajl jjLajJa] liUjj (AjjIj 200 a-l-al JJJ-al 

•<jARU jLp^l Ljajl jAj l (j»J Laj3 CB -SI 

^ jjij (ijjja. AjiJij ^ j^y jl ^jia^j Power Supply jlui.1 -5 

. (4jU».nl ^ L-Luia. jl CjjS 220 (^Sj 110 (j* (J") Ajjijll j$j> 

(tJV aijIL (^Illu La£) kjj all Jjja. jl iia I — 6 

.Inrush current ^UjjVI jUl ajifc -7 

4 iaja all Ajj ajJal '» all CjVIaxH j sjplj jliikl — 8 

£_a 4 4jta J^lajll aJ (^jj Man Machine Interface MMI jlu^.1 ~9 

jl (jx j^hllj lajj all JJJaJJ Aj^aUJI PaSSWOrd >uJI A-aK jjij jbja.1 

.ojaJj jjj Aa1£ jjft J*«J V jWll 

J^jj (Event Recording) (jj*-a jj*j tlijIjaJI Jj^^j Jc. ajjjS jljii.l-10 

.(... JLktVlj (jlillj £Jill) ^jIj=JI ooA 
^ iJJ^\ Cj];lua.Vl Lai ' Aj-aSjll Ajlijll oj$J>ti -kil2 (jJ^aU. OD^Vl (jJjljikVlj 

.^Ijfrl A-alt 

.jIjIlVI CjUlkia 1-11-3 

jl$jJI li& jjjj . Tester t.uAia jl$j> LujS ^lla q^Sj jl jLikVI «-l>?-V 

ilu^j Tester -SI Aa-a^j (jjLaJ ajlc-j . (JlaxJI jSjJ (jr^^ - J^"^ Ajls_aSI jU^J> (_£J*J (jl 

Ljajl (jj^J Tester -II jl$J>J .Jiaxjl jLu JiaJ <_£j3l jlull Aj^jjlaj At_»jla j»j2 tJ -la*J 

.Jj-aij jl (Jj2 ajISjII jlgj> Aijij^l (_sj!I (jxjil (jjljil Timer -j bj_>a 

• <^\) La jJJaj CjljljiiVI ^J aa «-l^?-l (JjS j»>^ J 

(5 A jl 1 A oj^J Lillt) jLjj>31j Lvjjjaj ^j^uiaSI ;;!-iSI jliill 'taja jjj^j — 1 
Pichup Current JjiJiill ? jj jlij A-aja jjjaj -2 
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OjLil ojl^L-al ^jia-J Picklip *Laj2 Jl jt-iill <J^-aj (j^i ojjill ^jAj) JjijuSlI (j^j -ll-laj _ 3 
s-Aj jjjjj^i tJ it iaxjJall -^a-aJj t TeStd Jl <_}a.ta Aj^Ha^]! jl.iia.VI J;-^ . aJ .Sxjj 

iaija Jill ^Aiall Jl J^jj j^ia. (^ajjJj jliij Relay -II Tester -II I^jj jliikVI 
ia^ja <_sill Pickup current Jti ai* liU t Tester l$Jc 
a*j Trip Signal j-^j jl Relay -SI (> Ujla 4 ojliikl Relay -11 <j1c. 
J jj\ g -> j .ij^jJI Timer J fjL <_s^Ij t <j^j1I jW -^j."^!! Jji^iill 

. AjuiLjL Tester 

(j^ii a«j Trip Signal jl-^li ^15 lil J ^ajj Relay -II jla 11a Jcj 

<iafja ^ ^ill JjiJnll <yaj spa JDU. Pickup current ^3 a! Ji.UI jliill 

bllo (Jj-aS liU t JUiill o.lla_all Jc. oj-lall J AjISjII o)$jai o*.li£ (jjliiij 

Relay -II osliS 0' ^ K"^ <_s^l Jj*^I c>j o- 0 j' i>j ^ 

jjlajll lil A^iAaJI j^ya 4_aJ^a.l Jia. jl AjjjIx^i o^ltl Jl ja$\ (Jj-aJ LaJJj ' A 1 ja&a La 

dllaJiajuaxIl (_paxjj . 1 — 3 tjj ^ II (Jl« (JjAa. *„' " 1 "*"' ^ jW?^l jl I l— lllill Jj 

jl joa^y I i - ilj iaa QjSi lAjAuilj -"'J ■ (JjAaJI I^A J o^jljll 

jliikVI gjtij 1-3 Jj^a. 



Phase 


Low Setting 


Setting 


Test Results 




Pickup 
Current 


Op- 
Time 


Ipickup 


Trip Time 


Reset 
Time 


Rest Factor 


Pickup Current 
Error 


Op-Time 
Error 


R 


0.25 


0.5 


0.244 


0.51 


0.49 


0.993 


-2.2% 


2% 


S 


0.25 


0.5 


0.244 


0.51 


0.49 


0.993 


-2.2% 


2% 


T 


0.25 


0.5 


0.244 


0.51 


0.49 


0.993 


-2.2% 


2% 
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4i=^a .Ajc Relay Jl jl^a-V laAJ».l 4 CjljliikVI (>o jJCjj tSSliA jl Jl sjLSaVI J-^J 

Low <^aikxa ^iS Jc. AiiJa Sic ajliii.^ <xp-^b ' High Setting aJIc ^jS Jc. 
jjljj ^ Jj^aall liA J L£ ^Vmi jl (jLoj OC o' ' ' Setting 

. j aia 3 " jLj Igj j^ij tJ j]l EF -SI J^b- 2 ls* * ^S^J {J^*^ J 1 <a£ll <j-« 4-ila^JI 

o?.li£ ^ LmJ (_jJI jA -' «£ll jLj-a llj . iaiiJall I^C. ^jjj <J£ J LaLaJ jJjLala LaAj 

.Jail ^till jli^l 1-3 Jj^JIj .jiJUJ J AJlc 

jULkVlcjIjLi, 2-11-3 

Jji^u jxj lilliSj 4 Pickup current Jl oJ.ia-s <al Jic Relay Jl ^ _ 1 
cjLS jlua.V <Lj]a eiJ Pickup (> Jii Tester Jl <> jl£u Relay Jl c£*- -2 

(J 1 aflJ (jl (jjJ <jxjjUI CjIjIjoII <La^Jj jl^aJI 

(^Ic. <Aiall sIa kj Aj^ajll ajISjII ) Relay Jl IaIjj L£ jUJI 4^12 qAJ& ^jj -3 

.aJIjM jl^aj (jjiLjall 4ib (> Jibll tSllij (jl^JI <JsUs 

S)liJ j^>j cs ia. Tester Jl l£U. i> W^j-^ j^A? Relay Jl J**- fit -4 
ja jLjII liAj 4 Trip o-iie dj^. <_gJI jLull <_>"%j • Relay -II Cy Trip J. ^11 
.^Jljll jj^xll J la^V (jjlL, ^Jjll Jjx*ll J jgiki ^ Jl I pickup 

jli hils 4 Pickup current i> Relay 1$j 0^ c) LJLLj _ 4 

^Jl Jjt .frill (j^j (j^!^ (Contacts) ^Jijll jl^J (j^UI ^li* q\ 
(jjiUij jl y^Nf I jl^-^ 4 dJlill jj^xll ^ jj£aJIj Ajlajll j^-? ^ J& <a 
(jjixUJI jj^uJI ^ ^ <jS1I si* j^J="j ' Relay Jl aI^HxJ ^Jl J. ~M ,yaj 

^ oAatVl Lai. CLiUjII Jj^xll ^ ojjSiall jaJilLi IjjjjlLi ajj ' - .Jj^aJI 

^jjajjj t AijUJI oAaC.^/1 ^ 1 (j . .iLj3 ^aJ ^^jll ^jSII ^^Ic. ?.LlJ LjjLuii. ^Jj3 (JjAaJI 
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Reset Factor £ cW*-« 3-11-3 

Pickup (>a tJ itl S «,a\ jLulj plijjlj JiaC djj.ia. J;-"-'' Lijli (.LaUxll liA ^ja^i 

blWnnl Jjjuiull <Jj^' ^ ts* jW u' ' Current 

(jl (Ji ac^juij <_5ji.l iy> Q^asJi J JL*JI jlij jl (jijiil (jil t Trip Signal jl^-aV 
sjlja (jc Uj>j^ ajISjII jl$a. "fc^i jl <SUJI ai& ^ xijii (jaja 4 Relay <J*jAj 
jjkjB 2 ,U-;,„nh LS \c Relay -SI ZjSs o^liaSj -jLijll (jiliajV SjjWI J. JjVl 

-jlia.^1 I^a <_g>?j LjjU 4j jlaSI jlull ^ 

'Lui^Ij .Lii (jkjj (J*^sj (^ia. Pickup t> tjici jIuj Relay -SI 0^ tSJL ^ 
Contact juij Wd-^ fj <_s^l j^SI u^=4? pj -Contact Points 
jj^aJI ^ Realy Jl slit "^a-in <_s^I j^I <JV4s -Relay A^laJI Points 

.^jUI jj^aJI ^ Reset Factor Ja-mj < (_>jjLJI 

<gL £-j2lJI <_LaU_a L_SJJ»J jail j 

Reset Factor = (I ReS et)/ Ipickup (3-9) 



i_±aj Ljjlaja ' ma j££l jl g 7- SI 1 aK ^- Ja i *-Sl Aa-ljSI j« (J\aU_aSI I^A ^JJjil LaKj 

lil ( _ 5 *JAlaSI 4t.>ij] ^j«J jxi t L_iSVl <jaj jSj iaiJaSI 4_ajii jliiSI (_5^J<J lil (J • all jl 

.la. I jA (J\als_aSI lift (_>uIj3 jl£ liSj . L_iS^I j« ejaj jSj JajjJaSI <Laj3 jc. jliiSI (J5 
LjlaCj 4 alia "SI AjlijSI oj^a.1 (JJJ ^S.^iliaSI jj^alic. .iaJj iAjlijSI jl$a. jl ila I ^jj^aUc. 
.(JjJaSl lilSi £jJaj^»SI -laJjll j-a (.LaLt-aJI LaK j£S Sj^aSI oigj jl^a. 



tLaJI^ 4-H-3 

a Ik. <_L^a3 (_giSI Ipickup (jJJ UaaJI (jJjii jail 1 1 aJl 4iU (JjAaJI ^ ^jJalj jA La£j 

-jj^liiSI Jj^utSI ^ J^-iai A u.iiSI s^Aj i '^iSc Uaju^ifl ^jl^ (_jiSI I se tting (j^J jlpSI 

i jl^aJI 4-ilc iajj ia (_jiSI (JjjujilSI (j^jj (JjxjjIIIS ^jAxiSI (j^jSI (JJJ <fuijSI (jjija (j^aJ t*SSi£ 
jl) %3 Jlj^ 4 u.iiSI o^A ^/l (j^ajjiuSlj i ^uiliSI Jj^atSI ^ A luiA] s^A J^JJ 

jl^aJI ^jSli£ ^ o^jljSI OliL-aljJI a i laj La ^ ■ Luia 
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High Setting j J-«JI ^ jl^?JI Ja^Ja <!U. ^ ojIjSj (j^u jjjLJI Jj^JI 

Ajjlia ^jjull ijj la SI ^ AjIIc- (jj^J jl ila.VI jlij (jl ^jjljAaJI ^jjj ^vyl JL>^ UJ-^L5 

.ajj^JI Relay Tester Jl Jl^ii ^.1 1~3 ijy^j 




Ali^iJI Testers Jl <lial ^».l 1 _ 3 
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^1 jll J^ill 



niMl AjIS all 
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4 



^1 cUal! 

4 nirtti AjLJ jl| 



^» A^^-un«1l Ajlajll ^ajliia ^j^jja ^aVI ^ Distance Relays y^J 
JL*JI (jlLo Ai^Lj ^ spill , Overcurrent Relays s^a-L AjjUL a^U ojaaj 

. JLaJI L-al .frfil -Lis (jjjj 

Relay -SI a ■ a j! i (_$ill ^?J! -Lu^a ^jU ^iij Igjl Sj^Vl <j» Ajt^jll oi$J ajjjL^I Sj£all 
^ La£ senium SjjA-aj t Ir -j <1 j-aji5 Relay -IIj jLall j^ull , Vr -j a! j^Jij 

Zone + ) LSj^J J ^-"^ A-4jluS1I o^A (J*S \."*..'.^ l— ijL)lall ^jii • 1 — 4 <J£jjo1I 

j> ts Sijj J^aJI AijUta Jc. Short Circuit Uiii^uS Jkc. .lie. L»i ZLoad 

Aj j^JJj t JJaxll A lajj Jl Relay -II (j-o JaiJJ (JlaJI <yaJI <_g^ AijLull ASjUxll 

.Zp -j 

Ayx-o (j^AJ ^tilljS (Jiaxll AiLui* l_j^)ia L-IjluI llj ASjlx-oll aAA (jl dir^j 
tjjJajS jla .Ajljjll ^j^-^l jj^i ^jjSI I^A AjIc ^^jj (_£ill l^jxll jA I^Aj i Aj3jl»_a AAajLt-oJ 
iaiJI JjJa jj^i (J^l Z AijlxJI jjlj 10 O (Jljluij (Jlaxll AJjU^i (jl !!iULa 

. ajISjII jl^a. j> 100 km ^ Jc. Jk*ll J ti j*j li$i 0.1 Q 

(jSaj l^j^ Aa^aVI (j» yJJ^ ^-^p (tJ^"*SI Ailum) 1 g jIc. UL as ^^jll A_ojI*_all o^Aj 

Ailalo <J£1 (jl ' . ua i ' ■ bajllall (Jj_ai]| ^j^j jaj ^j^ij t (JiaxJI AjLLlLo Ai^o ^ Ajls jll jl^ 7- 
L-L aaj . li^^/ (Jik-aalllj ^ 1 iaJJ 1 a La£ . Ajl3_jll jl^-^ (j^i 1a^«j Uua (J*-a3 (j^j 

.jjJallall s^A ^ Ajljjll (3^2 
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X 



Z L 



x- 



Vr 



Zl-Z f 



Vr 



Load 



-Load 



-Load 



JIac djj^ ^jc. Relay -SI 4ijU^ j •■Js.nl 1-4 Ji^ 



<3jUa]| ^aljll ^ (Ji«j V Relay -SI ^jall o' t** J ' ^k^N " <^j*j 

^Jj „ ^ J 1 ■• all CT -SI j VT -SI ^aJ2 L-jjuia IgJt^i L-lml 4 nfi (JiLoJ Lojlj ( jaaiS A jSjSa SI 

CT ratio = o^j ' Z P = 4Q ^ ^I^YI <^ ^ AjLtoJI JkJI Aijl^ jS 
: jU |jA « VT ratio = 115kV/115 ^ « 600/1 
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Vj _ CTrario . 600 115 

_L = Z p x = 4 x x = 0.48Q 

/<, VT ratio 5 115000 



i R r '2 VT ratio 

i FP x 



(4-1) 



'i 



jU=>. ^ J v^",„l ^jj ^1 iafJall jxiSS b]j ( 4Q ) AjjjSaJI A ajkW qa JSI ^JalL 

Jaill Ja 3^ Ajlij ^ ^UJI lMI 1-1-4 
Distance Relays pl.iilJ j OC Relays jjj jl jjj ajIaJI ^ 

(jl LUajpal .UaAuiJ ^/liLa liA i_J^Jaj I 'j; (Jjjall ^JjJajjlj . (Jail I Sa^Jaa *b^J 

JSj lajlaa-j <JajJ>a 2~4 J'smiII ^ US AjltlLall (CjUaa-all ) iajlaiJI (jx bjc. lii-J 

. " T.L" 



-LT-O 



Rl 



R2 



R3 



B 



I 



R4 



0--D- 



R5 



R6 



D 



AjutiLall Cj Uaa al l 2~4 Ji^ 

i Overcurrent Relays i=aa ^ J£ .Ait <^,Wu.i«]l jll Sj^J J lUajjal jJ 
Overcurrent jla ^LJI JLill ^ F AJaaj Sic Jlac. djj^ 4JU. ^ 

D, C, B, A cAL^I ^ 

-lasi B & C A U-\a\\ (jbj^all R3t R4 Jj-ail (jl (_>ajjiaJI (jV t 4j2 UjCj^i JJC. 

oj^a JtilLj . li^Aj A &D .lit Rl tR6 lWj jl L-ia-ia Xia bla t 

■lajkaJI (jx Ajejill sIa ^jitOvercurrent 

lajkaJI ^ U^bVu.il OC Relays Jl ij&S2 lilU* J\ lsJ jiI> 

(jl ^^ixJ liAj ' -^J>JI J v oj2 L-lma (Jiaxll jLij A a A JJaJ 4 !£ ui * ^^Aj <Lj]all 
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ILLj 4JUJI si* ^ Distance Relays gjill (> 4-Aajll sj^i li^ajjal jl 

(JlaxJI Allala -^-^-j ^ aJ jxi jj^ij (Jlaxll Ailuia ll 4 j£ aJ i a3 jl^aJI I^A (J^iC. CjLjjiLjj^/ 
Allala ^ajk^i fljjj J] C&B Jjj ^ fl A&B 4 i-^ all jjjj ^ jAj 

jjl 4 aJ 4j| lilli fjM jj£l (Jj La] I (Jj^aill (jxj ll laj jl^aJ] ^j^aiuiS (JiaaJI 

(j^j Jxj (J i aflj jjl ^^ixAJ . 4j 4_iuyj^]l Ajl aa II <aJaia (JUatV ' ■ boilLall (Jj-a«JI (j^j 

^jJa AjjjLiI <Jaxj Jllajl Jj^i ^It A 4 ^ all ^ -Sja-jJI Rl jl\ jlfraj 

^ S^UI^Ul JaxJ Cl2j]l (jjiii ^ B&A (jJJ Slklall ^ JlktVl 

Distance Relay jl o^ii; K. u ".'^ Jllail 11a t Slkiall si* ^jU. JlktVl 

<jlaUli.|j 4_luiluil j£ (J-axJ 4j| ^jAj (Jia«JI (j^-a \; laj ^^Ac. (jyi.1 ^la 

.Cl2j]l (jjjj ^ 



Impedance Diagram 1\ £j£ 2-1-4 

4iV Impedance Diagram Jl i-_aj*j La ajL? jll V 1 *' j^jM i> 

Zone, d?^ Impedances o- 0 4iiii_ajl ^l^jVl on ^S%>1\ ^-Jajj 
Diagram -SI 11a jjl^aj J£ k^j J\ kiL^L Z Re i ay ,Z Fau it, Z Loa d, RFauit 

4 Ji^llj . R - X 

•ZLoad ^ ^ ij**- kl=&£. Relay Jl IaIjj ^1 <ajU^ll s^Uti i_jjjia]l ^ LJLcj 

Zpault J] 
. Olla o^C. ^ajl ji^a (jx liu Ljlajij AjjIj ' - ' i iu3 Rp (jl 



^ (j^ 4 Load -II <Jjlj (jt LaLaJ S aVU ^ JJaxll Ajjlj Cljlll Rp Jj^j ^jl Ajl i^V 
.(JUaC^I jj^i <jc.^j]| s^A ' °1 uS£l 4 aC ■ ■ a i aJ La^i LagjJaa j ^j-a ^jtlijlj]! i—Jj^iij Rp -ii^J 



113 



Q^Sj AjLaaJI jlfra. UI_)J ^jjll Zp au lt Ajjl) <J JjA^ Jiill ( _ s Ic <LaLjJI ClUaa.!>La]l (jx j 

Lll JaaJI <lla. J Ljia JkJI <lla. ^ jJal 
jl j» jk« j , ZLoad <_SJ^" Relay Jl Ul^j ^1 <& j\jual\ JLkJI ill j^a. (Jj3 AjI 

i J^i \ g . nj j£\ Reactive & Active Power jjj Z Load ajjI) 

.( 0.8 Jj^a. <^a Power Factor o^j*t) <aj^ 30:40 ^ jjSj L LJlcj 

tJ iiaj JtiUjj i J-aaJI <3jLc« tJ Jt Short lilAaj ZLoad (jl* lljAa. .lie. Lai 

Ljl AijUJI o^Aj 4 Jkxll Siaaj t5 ja. J Relay -II o^- 0 1>° AijU^ Vj jWaJI <_gjj 

^Line t> J^J (jjaJ La_a*C i? Li „ e JaaJI A^jUL, t ZLoad t> ^jjl) 

0 = tan" 1 

(jV 5 <*jLLa JUatVl illj-la. .JSe. <J2j JUatVl JJiaJ ^ L-IjLjVI lift jal 

CsAj ' Rune ^_ <_s^l Rf (J^ 3 *-^ <Lajlia ^glc WW'u.i Jiaxll 

Cjjjjil LaK Rp 4_aj3 i^JJJ^ LaKj ( AjjIj jjC. <Laj3 
QjAi Aj^LkJI JUacVl Lai .JUacVl (j* 4j£_aill oi* ' al uSal Sjja^-a ^ [mm 

SJjLta Afljala ^jt <]ji*_a <aj^j ''"'."J ' ajjaJLm ^Jt-ujall <_LaaJI <3jU_a AiLala (jU <LajlLa 

. ( 3-4 L&i Jf-jlL jAlla La£ JLktVl 
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Distance 
Relay 




Impedance Diagram Jl Ji.h 3Jfca. A\ olajU^ll 3-4 

AjUaJt Jjalla 2-4 

JUacVl AJa ^L^IL, 4-4 <_&ill ^ Rl Jti*ll (jJc. c Distance RelayJI fJ ij 
Jiac. ^Ij 4 Zone-1 Aikiall 

(JLnJI j] LI .Tl <_Sj^! ^ j**- 0 * u-t) a*j J ' y=»^ <Lfa3 ali Zone-1 ^ 
j^LJ lij LaJI Ji-aii aJ t T2 jj^-t spa jhVn RelayJI Zone-2 4iki«jl ^ 
ji.fcj i . ua Zone-3 ^ JJa*]| jlS lij Ia£a j t T2 jj^-fell ^j^-j- 0 Jk»ti 

. JxilLi <L*aj aJ A3 al ljl l T3 ajA9 (j-l>? J' 
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(cs^Ua- Jjxa-« .J.!) AjUsJI 



T3 



T2 



T1 



A B C 

R1 



Zone-1 Zone-2 



Zone-3 



<jL^]I jji.hH <>jj tg^ijll f ,j,„WI 4-4 J^i 



.(jjiLall S)$-aJ (j^i - 1 iai,V I ' . umj ^ j^Luix Jjjluill jxLuiaill <J*a. ^^laaJI ^sljll U^j 

^ I LlLII jjl llija^a jla ( Vp/Ip ^Loj^ 1 . ^ ■ aa j HjLuj Ly£i La£ j» jSj jl^aJla 

<aLiJI jl olix^i t +% 10 J] (Jj-oj jliill o»\£ ^ f iaaJlj Ciljall qAA 

(j-o %95 jjc Ljaj3 (JJaxll jla Jtilljj I Sai II 4 imi 4_iJaj*-« jl^aJI IfrJjmaJ 

) JjUl <> %85 Jic. jl^aJI ^ J JUa.1 ^ 4-4 ^ AB iaiJI J 

UaaJI <jl£ ^ <^J ' («JjL«a. JjaII JaiJI Jft !>Ua£ SJJ Jl)j V <ji ^gi*^ 

' ■ Ua 4 J. ajll AjmlUj S K ,t ^ ^] IjjJ ^.Ji ^ 4JUJI siA .(-%10) iL-llLuilL 

' alS «ti S <U, .-N ^ !£ ui a lilliA jjjSlui ^Jjajb . £3 j!la jA La£ Luaa 1 J i ail i a 

X- ^ 100 4JjL Jai. Jc. %105_b^ Jia*JI AiL^ ^ UaiJI <jV ^X-alj 

.Uljla j»S 10 Uj^a Allaia ^ 1 ■ La jll olia^i 

jl$a (jl olia^i l^i (+ %10) 4 im'n Laj^i tlaaJI lij Aid i «aa ^- ; i <aij 4 IS ui all J JJC. 

AjlSjll jlfra (jl olj»_a I^Aj iai II lift (Jjla ^j^i % 105 ^'"*- (JiaxJI <_gJJjJ ^J^J^ 
4 4liLa. JjaII laiH Jtjll ki II xilj B and C (JJJ Allalall ^ llaa. JJaaJI 

(jl ' . iaj La£ ^LiuiLuil <jlaj£ '^^^^ T2 jj^^j Cy_jl A ^ 1 "*'..' 1 " J^^j 
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Aaalu^l 4Ji^i S j^i kui 3-4 

Distance cj^ajcl ^aa pUaaJ l^lij 4iLJI JSLLall ^^Ixij 

(^ill AjjJaill .Sj-laJI jjx Jai ia^lj la£ 4 5 _ 4 JLill ^ J$iaJ hj-li. 

. 4-4 JiSlI Oj^, 



Z2 



200% 



u 

90% U ^ 



120%LT 



^ R1 



1 

T 



2^11 <jU=JI ajLuJI jj^aJI 5-4Jii 



Zone-1 ^1^1^1^1.3-4 

jAj 4 Ajjlaa. -ij^all JaaJI Jjia ,j^%90 J] ia32 %80 ^ K'*' -1 fAi S ^*J 



Zone-2 Aiki^! j 2-3-4 

(J*S mij AjjLo2l ^Uall jaa 13 Jtill jaaJI (J jla ^^St 4 alia a j_g__)iaj IgJadjJa jail s^Aj 

. ^<jaa_a]| (jjjj jj^i gj^- (j-a J^l lilliA (jj^J La-^jc A > ) l^j (J. alall a< 
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jAj Zone-1 <LuSj ^ <_s^ JaaJt (> 0^' Zone-2 f^aSu jl d!>a-VI J£ ^ 

Jl AjUaJ AJalua,! j JiaJ Zone-2 (jli Cl2j]l (jaij 4 kaj j-a %20 Jlja. Ji*J 

Lojjj £jj jj^. ^ jjli Zone-2 Jl Ua SjLSVI j-^jj --^Jl BB 

<_£i]| Zone-1 (jji^xJI cs ic. 4 jj^^j o*j} J-°*j U-^ <_s' ' 1 J) (J*-^ 

.SJtllall JajiaiJI J Zone-2 <jJJ (3^J"J V Lllcj . LdaaJ (Jj-aSJ 

jIjaII iaiJI ,J jJa] IjjLuia Zone-2 (jj^J (jl jA A » •w*..^! Ut, all AjAa. j(j Mil jj^ij 

. AijL^ jl^JI iaiJJ iai. J> j> ( %50 ULJj) %20 aJI UL^a Ail**. 
Zone-1 (jt Jlja.Vl (> JU. Zone-2 jyjj o- 0 u-° A?Vj 

.JlJJ] JaaJ] Sj^lva Jti Jai ^UJI 

Jc 2aa Aja.j <]t-a. Z2 el)' 4iL_)Ja3l o^A ■ ■ u»J 

la£ jj;. <al la^l Jtill laa II jl£ lil Lujui'V 4 1.1a. Jjii-a jjfLi Aiilaa. -Sj^all iaaJI 

1^1 « Zone-2 J U>i ^ 1-6-4 JSill J Fl <laii]l <> JiaxJU . !- 6-4 JLill 

. Zone-3 J Lpt£ j J^UL^a Jtill iaaJI jj-aa nini 

Jjj-a3 jjjjjljiall (jj iaaJI (JjJa (jlS lil I .la. JJJ^ Zone-2 (_gill «ja^ UJ"^ 

(j^iit dj.laj (^IjIUj .1-1 6 _ 4 JLill ^ loS 1.1a. Jjjla la^J Jtill kail jl jja. J 4 
J. AjIIj <l^a£ (JJa«JI <Jj-a3 (jlajaLall ja 1 - ua 4 <1jLji]| 4 K ,* »\\ 

.2Ub 

j|_)JI JaaJI Jjia jj-o % 120 ijj^ ' - Ua ; Zone-2 lalj aJ <_g^i.i 4iniU dlAlaJlml ^43 lilj 

La jAj t Jti]l iaiJI J> 0- %50 o- ^ Zone-2 

(j^i %20 (jj^?^ ^A-^j* 3 Ll (Jj^ 3 c>° ^}j-a3l L2 Jjia (j^ l^j ^-^J (j' (j^! 

^jtj 4 L2 OJ^ Ll (J_>la 

. (J£l nioll sAft ^JUu L-ilj^l] oj_oiixo CllLiJl (Jj^aall AjUjj 
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Z2 



R1 



Line-1 



Z2 



R3 



Line-3 



R2 



Line-2 



F1 



R1 



Line-1 



Z2 



_ R2 



F1 



Line-2 



R3 



Line-3 



jjj^ai laa Jxj <Jj>la laa — L_l 

Zone-2 i=^= J£Li« (j^uu 6-4 Ji*S 



Zone-3 ^i-M J 3-3-4 

AJ Jtill kail SiLi^Li Ajjlaa. Jl^all laa II ^ )alu 1 ■ Ua j JjSj lJUII ^ oiAj 

iaJiAlj 4 (JjJall lift J] dJlill iaaJI JjL j> %20 LiJ ^j) l^J J-l£llj 

Jj^ all Sij lu LjjII Ul.^ifl La II ^j«-> « (j-o Jal (Zone-3) Aijl*^ jl 

^ Rl J Ajl^jUJI Zone-3 Jj-ia. jU Jllall Jj^u tJ Jt 4 AjUjII 4 laa all ^ Jja.jJI 
(Jja-a Aijlx^i I g jl] liLjaa AB aaJI Aijla-a ^ai-a Q^i (jj^J (jl ' ; laj 5 — 4 (J^jjoII 

oIsjUaII si* jj-o Zone -3 jl AjV . B 2 ^ all ^ £jj>ill 
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Secondary J duaj (jlaj J1I JLktVlj jjIIj jl 4i£aj 4-Aaj]l jl^ oUx^ li$i 

(jV <allaA o;j^»J <olir/'u.il t ■ lao JLaia.YI I^Aj 4 (^jjjjll Jjlj^ J (^1 ) <Jja_aI] Side 

j£fcll aj! aaJI « Jtj 4 Load Encroachment <-sj*j L« j*j ' 

.aKUI 

(jl (jo ^£b]l t . \-\fi i pjl 4 <_5jUjij Z3 dul£ j] i 5~ 4 <J£J»]I J Jlilall Jj^jj Jc. 

4 (j^i £jj_jJI i"iKt.M (_£.3»_a]| (Jj^ all A2jl*<a Ifcjlj ULjax LI jaaJI 4ijl»_a c-j"?- " 

J <3jUlJI (JjAjs" ,_paliijl J 1 ■ Lajj ^jjjjJI aSaiui J (JjaC. (_jl J ' - Ua < ^>jl 

Jal Z R oj^ <JV*I J* 



a^aU-jI jjiJI ajI^J) ^3ai> 4-3-4 

4 tl±X&\ AjI aa II (jlalia J) 4j*jIj <ikia£ Zone-4 ■ al i Aj-aSjll AjISjII a)$a.l (>a*J J 

% 15— 10 Jljaj j^j reverse reach Jii. cs-^ Sjj^aJI AikLall ai* _>>2j 

AJaijll s^a j> i_i^Jlj 4 Directional Zone Non- l$i Jxj liAj . Zone-1 i> 
4JU. J AjIsj jilaj La£ .BB Jl Je ^Sj Jll JUa&^U <jlaj£ <J**]| jA Ajak II 

Jl (J^-ajj Z3 t> jj^I AJaj-all si^S ^LaVl <_s-iJI J 4iaa.Xa ^ . Breaker Failure 

. Alllaa. Jl^l J»=J J> o- % 250 

Relay -SI J' <j3 « t jjjp Jl J. oj J3j 1^ <l^a]l si^J (Jj^aall <j^jj 
djjia. Jl AiLjal Backup Jl t*Sli£j Main Jl ajISjII J^ia jxj VI <Wja]I ei* Jl 
jl (jLaj l§j£J yjb l^jl (j^ajiii aJU .JJa*3l i_aL^j£l J Breaker Failure 

V Lajj Jllj Relay (> Ijs. ajj^]| JLktVl t_iL22£l Zone-4 J <_s>-l »^ ^^aj 
Directional Jl Sj-sa ^JUa jj^j V JtJij j 4 Phase Voltage J] is <^ia ^Ua jj^; 
Non- J-ac. l^jSl 4 JLLtVl (>a ^jJI lift i_sLi5Slj <J-oxJI Jt Unit 

. directional Zone 
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: Distance Relays — M 4-4 

jl^?JI gjil tiiL Distance Relay jl^ <Ja.b <5Jai» JSj <j^>UJI jj-iJI ^ 

(J^mi <Jjj*J Jc ojjalLi <;La3j]l AjIS j]I S jLa2j . (Jjijjiill dlUUald IsaL 2-^*"" ^ " 

oj^-a.^ 4_iaL^al oji* jaatJ La jAj t (J^i'MI AjjIj Jjlj-i o-iC 4 jamljj Jjlalia]! o^A Lj-i3 <J!LaJ 

■jjja. jajjjj Aij^ia J LjJJJ LaJ2 Lmluil ' allkj <jal_ui«]| AjlSjll Sajae. ^Ijjl lilLiAj 

s^A J$-iil (_>a*J Jj Loj3j jlgjsjl (J\aC. 



Impedance Relay — M o- 3 ^^ 1-4-4 

J£ .'Ml ^ La£ ojjb jc ojhc aIaC jjAaj ( AjsLjiaII AjI^jII o)$-?.I lamjlj (Jjl I^A 

AijJj Zp 4-aJ3 ^jJc (Jj-aaJ J Lull ^jic. ClljiJI <Laj^Sj 4jl <U 4-iuiLu^/l o_£a]lj ( 7 — 4 

g-j-'T- all (JLoj !/lila Zpi AJaSjlU .4laC Jj-la. (Ja.b A ajSlI dutSj bl JjuaalL ajljS 

Jk*]| AiSj Jl Relay Jl t> Resistance and Reactance Jl a^A\ ^Uj^I 

. (J\ax]| o_)jb Jib £ij ^jAj 
( ^jAL^jI jjC. j^i AjjlaJlj <LLaLa^l Jl Ui-.M 1 ' . '„'?"'■■'„' Ajl U" 1 ^ ' ■ U*Jj 

Jll JLkc.!U iaia t.nVu.n ^ Directional Unit AiUiL Jj^j ^liaj j$i blj 
JDU. JiaaJI bl SaJb JiLu o^bl jl 1 1 ajl ajjxjj . Forward Faults <talai ^22 

lAJjikj (JiaaJI 4 iaSj ^jj i a 1 - ua Zp2 (JlasJI <1L^ J LaS ( Rp 4 u^tjI A^ijlia 

A^Ai lsja^ Relay -SI jU JtJLij . 7-4 JLill J La£ s>jUI jj^a. ^rjU. Zone-1 J 

AjJaLua.1 Ajla j£ A \<\ t (Jiaxll b& (J. a3 ^jt <iujbul (J jinn uc. 

.Aj3 L-ljC.jja JJC. ^jjj ^jJalL b*j . jj^tj qaj j«j <L aSJ JtllLij 

SJjU-aJ ^jiaj ^LalUJI ^Lakll C£l>ajl J oj_jJila]l djUjVl j> ' 

(_pa«jj Axjla J' aill AjLjj Jj .(Jj-aill ' ■ llaJl] (JUaC^/l j^i AjCjill s^A ' al ujj^l 

. JL>xll bA J oj_jjjiia]l djUjVl 
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%ilai»j ( Fault Area ) JUa&VI Alkio ^jj ajsIS aaLulu liiU* q\ JS.^1 ^ iaibj 
tSllij Jjjaal jlS UK a^IulJI LJSj 4 ( Loading Area ) Jj^MI 




Loading 
Area 



Impedance Relay Jl J-& 31ki« JSJs 7-4 JSJ. 



MHO Relay -St u^t^i 2-4-4 

,j Aaaj iajS LT^y u '"^ S-U^^ UJ-^ L»3U Zp au lt (Ji-aJ (_£^l A^lall (jl I " u^j 

oIa t>> ajliiLoiVI p5 4 Impedance Diagram Jl CP <-yi*JI ' 3-4 JS-ill 
. 8-4 Jlill (^a j^ij (jjll MHO Relay -j i-sj*j L r -.;«.^" ^ aj^UJI 

Polarized Jl i_ijj**]l ^jJI ja l;LSS3l MHO Relays Jl pljsl JiSlj -k^l j 
Impedance £p ^>JI I^a i ifajj 4 Power Swing -j JaSM Ail liua. 4 MHO 
• If j V F J\ AiLiVL Vp 0 i arize d SjLil ^.iiiJ ^ Relay 

Jj« lSSII JjAa. gjU. (JkxJI <Jaaj ^jAj JjVI : (jilKAa ^jic L-JiJI JjU £-_jJI I^Aj 

Impedance Relay Jl C)\ AjjliJI aISAJI j 4 R F Jkxll a^jILo jjaj luuj 
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<Jj_a^/l 4 Liiij ^aj yjb 4 jl aa II Allala .Ij-la. (JjtaJ <Kjuixll oAA ^jlt i_Jju]l jaJ J3j 

Cj0 Zfi and Z F2 u^ 11 J -8-4 JSill ^ US oj-JI J] _0£l J^i JtSlL, 

8-4 J^JI ^ jVI 1"y al J3 AjUsJI Aikia jrjU. 7-4 JliU (^i tjj^i 

J-olSlL JjVl ^J>«3I J=».b Lujaj CjjL^j Relay J-aC- 4llala jl Jaa^lj jl JaijV jjj 
La« (ijlJIiJI £J^a]l) ^jjjiSxll alauVI ^ Jl jaC-Vb jjte ^ CjjL-a U ""*■■■ K' W^' CS^S U-a 



X 




i 








z 


fi R F Z F2 / 




R 



JJ»]| ^lia Jc MHO Relay Jl ^la 8-4 Ji^ 



Offset MHO -Jl o^l^ 3-4-4 

Zr Jl ^ Ikk lilljA jla 9 _ 4 JSjill (^i US a JiaC. Ajiij Jjc. 
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^ = z = / 1 Z F +(/ 1 + / 2 >g F 

= Z F H — — /? /, 

/l 

( K Rp ) Aajl*JI J ^-Ul 11a jl Jl jjJii J .Lis Ua Ll^j Lj 
Jl Z R -II Jja-Ji Jl Remote end <_£>^l <> jV^ 1 Sjl dj y ^ 

.9-4 J^ill J IS ^jJI 




► E 2 



tjjifl ■> II (jx (Jkt 4-liij jjjb 9 — 4 (J^jj 



Jl ( _ s i J_j2kjJI jAjmall (j^i ■ a» Jal JL*JI (jlS lij <KjUI s^A -ijjj 

j^l^JI j> (jlS J^Vl Ajiiill oUjI jl jl ' Xsi > Xs2 J 1 J*-^ ' Remote end 

Jl !>Ula Zr Jl 4s*jLa (JjiyJ J lilli ■ ■ (jl (j^aJ ij^jc. t S-i£)^l J v «axll s ^^-? 

sl^jl (_)jlSajl ' _ aj AjILu ~ < i aJ 1 iaa II ; ' aLjaxIl ejaJI SjL^jj (jV £-?l^l (_H^J J^l £i>*^ 
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<^2kj £J^)1I ^i) - *^ cs^ MHO -II SjjIj (j-o e-j^- IjA tjj^J (jl A-iaaI j^-laJ IjA <j-aj - ^jLjl!S\ 

jl£ YA <j-aU. J^LiLall o^a (j-o ^s-jUj 5<<,tti cijl£ til Relay -II *tal j; ■■'-"* e-^LyJj 

J^j-o AjLj jj^jj ill Offset MHO -j i_Sjj*a]I gjjll JlutU (jS-jS liau^a jiL^xll 
(JSju»1I ^ji La£ (Jiual Jl (Jj^a^l 4 laSj (j£ Ai^^j <a^£u £jl_)llj c _ s j\j11 (jJXJ^all jp£l 

. 10-4 



■ 

i 

jail yjjl 


< 

► 




/ R 



Offset MHO Jl J-t Vte* 10-4 Ji^ 



Quadrilateral Relay — M oaiUai 4-4-4 

J w .11 ill (jlalia JjJa. (jl IjA iaa.^ . 1 1~4 J £ "ill J J 3 laJ Jill AjtLiaxll J ajl i aa il 
R- olajl J <ajalttll (_£.!« o^ljj ^-i* 0^*i ls^* ' a °^*"*' " (JISjuSu (J*S lBj (jl (j^-aJ 
jAj .<ikiall o^A J JlkcVI 4»„'.'K? JjiJ5ll <-Sjj^ l.1iir> X-axis oUjI J jl axis 

(jl jVI l-j^jt u-°j . AijLiuaH JSI l'^II <JS (_jjliij3 Relay -11 SjjjS ^ k«j L« 

ji&^l jA jFtfl (^Ic jl t ■'iK.,^l <al£ Lliiiuilj IjLiiil jA ^11 11a jl l_sj*j 
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Lense Char. St <>ajUaa. 5-4-4 

4jb jpSI ajl , ^.-^ u^"*"' (JK Aj^tll CjjgJa 4_Laijj]l jLujjjl £aj 

Lenz J JliJI Jjjxu 4 Fault Area jjj j Loading Area tjii 
L^a lja> Aii^ Jk*]l Sikia jL j^jjj 12-4 JLill <^a j^ij ^1 Qiaractarstic 

jxuij (j^-aJ ' - ua ^ MHO JLj AjjtLa JLaa-Vl AiLla (jjjj Ljjjj A^Luull SjLj ^g^i 

.LjajJ fk LiA (j-oj A^jaJI £Jj£j LjjS . ^jjIsqII MHO Jl (JltJ ^LuiJjJI eiA 



Lense Char J J-& 4^ 12-4 Ji^ 
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4 alia all JUacVI ^ <3 jUaII ^jS L-lLaia. 5 -4 

Faulty jaii (jl l^ia i (jjJa < (JkxJI ^jlc. 4JjI*a]I ^Loj3 i—iLua. 4ij>la j£i 
<ji£ Ua (j^jxi^j .Jlja-Vl J£ <^a Faulty Phase Current ^ Phase Voltage 

MY* oil JLktVl ctf U ,J Z F 



Phase Faults ^VU J z F Vj! 1-5-4 

(jla Three Phase JL1I 4JU ^ Phase to Phase <> JL*1I <JU ^ 
J. j^l ^ L^iia Two Faulty Phases ls^- oh <JL>^ o- 0 Z F ^ 
jLt ilij^a. aJU. ^ JIjJI Jj±lu ^ . L$J jjjiiliall Two Faulty Currents jjj 

jlilll ^^Ac VaB ^3 . ' ■ LmaJ (jl ' ■ la j 4^ Ja i all (jU A,B (jJ^jll (JJJ 

(^Jft Faulty Phases-to N -11 .iJ ^ ^^1 1 ikaJI -o1 3_ka.Xa ^ . I AB 
t Two Faulty Phases .iJ ja Phase Jl 11a J jl^ < Phase-N -11 

Phase -II I^a jl j»cj Ib-n j^I Vb-n ■ i *^l 4-*^ J^-all <^1c- 

.Cj^^UaHj lia.V j,'.","" ^ ' Jiax-o 

Positive Sequence 4il5a all phases -II ^ jliill ^ xj^i ^ jsj 
.Aillkxll Zp (-lUL^a. ^ jxiall si* ^hVu.i^ h^fli lillij t 1-4 Jj-^aJI ^ Current 
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A-B-C j A-B :<_U=c- c^^- ^ AijU-JI uLs. ^ l»^'n». 


jLilllj ^->M ^ 1-4 JjJ?. 


Fault Quantity 


Three Phase Fault 
A-B-C 


Phase to Phase Fault 
B-C 


la 


Ii 


0 


lb 


a 2 Ii 


(a 2 -a)l! 


Ic 


all 


(a-a 2 )l! 


v a 


Zu Ii 


2(Z s i+Z L i) Ii 


v b 


a 2 Z L1 h 


(2 a 2 Z L i-Z S i) Ii 


V c 


a Z L i Ii 


(2 aZ L i-Z S i) Ii 



Positive Sequence Zi i-jLis. ^ <^.Wu.i«ll o^-iUJI ^ L^a j 

. JLktVl o^U. ^ Impedance 



Phase to Phase (B C) 




Three Phase Fault 




(JAj (JJaxll 4jC-_jj L-liuia jjliliij jjilkjLuill (jill-lla^a]! ^ Vfc c 4 ajS ^jl l^Nf 

jjjLJI Jj^aJI (> <^jau^3l ^1 pl.iiiu»L (jS3. 3-Phase ja <J Phase to Phase ja 
Cj^^UJI ^ j^Jij ^ ^ 4 Zsource ^ Relay Jl Wf^j ^jII Zp <^ 
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y B a 2 (2/ 1 Z L1 ) + (a 2 +g)/ 1 Z yl 

— = r— 2 — ^ ( 4 - 4 ) 

1 b [a -a 



Z30° |.Z L1 +| 4=^-90° |.Z,! (4-5) 

v3 



IjlA (jl ^Cj Ig Jc. Vb A-4joi3 Jc. ^Laic^l Ika dull <LLJI AliUjJI fjA jlill 
j» jbua jA la£ <-aj2 j <h\jcJI J Z s JJ^> J1=«JI J tilji^LO phase Jl 

i (Jjt iVnll L_Sj__)la] Utij (JJaxJI (_>JiiJ <alii_a *Laj3 ia»J (jl (j^aJ 4jl aa II j^-g-?- (jl (g^» ' 
. Uilujl La£ J^iJI (JjS Jt Ifrail <Lajji3 jA ^ja 1 allj jaJ qaj i VLa I^Aj 

Earth Faults ^VU z F 2-5-4 

^ Sivjj <1U. J Sj^liall c^U-all ^1" •<",„! a jaj< Ua ^ii^j Earthing AiLjJa 1^»a1 
<]afij Cua. 13 _ 4 J^ntti (^i (^211 aJUJI < oKn*\l J jjLSul J^Vlj j$-Al 

. Supply Jl 4$a. (j* AjUaJI jl^a. Earthing -II 



Supply 



Relaying 
Point 





Relay Jl L_ik o±Jul\ 13-4 
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A^ji" J aJaj J 

aJU. ^ i ^ kijaajll I iAj . Relay Jl ^^a. JL*3I Aiaaj ^ Aj^ILJI asjUaII jtoll 

-}>=kj ja^t ^^Aj Ja33 oAi.lj 

V a =Ii*Z 1 +I 2 *Z 2 +Io*Z 0 (4-6) 

I a = I 1 + I 2 +I 0 (4-7) 

I N = Ia + Ib+Ic = 3I 0 (4-8) 

K jA CjjIj 1 nam lilj i Z 2 cSj^-"" Zi (jl jtoc-YI ^ ljii.1 lilj 



K = Zo/Z! (4-9) 

4- 4-8 (j^bU^ll jto&VI <^a jjiaJi 4-6 aLUJI ^ 4-7 aLU*1I ^ (j^jjatjlb tola 

jl duij aJj$juU (jLoJ 9 & 

V^Z^+fo+^+zJ*^} *-10) 



c Zi <_sj^ Relay Jl l^^ao^ ^1 Zr AijU-Jl ^Iji t / fl t5 J& V a 

^aljll ^ Lajlj 



1+ — 



•(4-11) 



jtoll jxia] ^ ja i ailll (j^i (JaC pjjj AjiiiaJI Zp A^ija ^^Ic. Jj i aa 11 Ajl slia-a li&j 

. Compensation j i-_aj*j L jAj . Relay Jl AikUl ^?Jlj 
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4^ jVI JU^VI cVU jUH ^ 3-5-4 



11-4 AliUJI ^ 



4 Residual Compensation Jl <jL«JI <-t>*jj 
<_sjLy Relay -II jLjj <j^ J 



" 3 



r r — 1, 



liAj .^A-aJI Aj-laJI jliill liA Jc. V 

jjjjiu (jj^J (jl J-^*J V J^/U ' AjaLiJal ' " 'I .'..'^j"' C$1 (jj^iS tj^^l OJ-^ (jl ■ 

• jW J^- 1 - 2 Software 

^ L£ jLull j^Ua jjIjj ^ Replica Impedance j i_sj«j L ^^kl^j Sj^Vl o^xjj 
(j-lSJI jlilll ja oj^ V Relay Jl Jj Ji^ ^ill jldl J d^j « 14-4 JSAll 
AijUtJla (j^j t Saj^JI Impedance o^a ^pc. jUj]I (j* jj^j Ujlj s^ilia 



Replica 
Impedance 



In 



la 



Zi 



l a +l N (Z 0 -Z 1 )/3Z 1 



l a Zi +l N (Z 0 -Zi)/3 



jlilll (J a ^ AijUta £^JajJ J^l ■ 14 _ 4 (J^jjj 
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ajjul-va.!! Zp j^yic R F <a jlia jjisb 4-5-4 

Phase-to-Phase Fault aJU. ^ a^ILJI Zp ^ ^ R F jfifc ^jjii J\ ^iu jSl 

. 15-4 JLill ^3 j^Jij 4 K 1* *\\ e^Aj 



X L 



Rl 



V 



BC 




Rf 



1 



T 



Phase-to-Phase <_U=c- 2JU. ^ <3y^all AijUJI ^ ( _ i Jc JlaxJI j^tj 15~4 J^i 



' ph-ph 



2 ( R L J BC + J X L 1 BC ) + hc R l 



4-12) 



BC 



Phase-to-Phase aJU. <ji Relay Jl U 1^ ^1 Zp <3 jU*ll S-aja J] l^ioj 
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Jaia *Lajs ■ Luaj ^/ jLj-?. <jl (j£u 1 " '„"' j»LajA!iU *^ajgj <^*j 

Zone Reach iaj^= ^ jlut^l ikjj i__iaj ^ I^aj t Phase to Phase 
Phase-to- <jc._*j c> JlktVl t> <jIsj11 A^u-ai-JI 4jIsj]I Ja.ta R ol>jl ^ 

. Phase 

SjljJill <a 5-5-4 

. (JiaaJI (j£ 4_ajU]| ojl^*i]| ' . Umj (jj£j Rp (JiaaJI <^ijlia (jl Jl L)A ojLS^/l jA^jj 

^ ^jljjila ^I_>jVI /" L»ls .^l^/iM cP'i)^ 4-«jlia Jl <s1 > Ll 

' ■ ojljjill <^ijlia Lalj . j»j^/l dllid (_g . H"n 4-ajSj ' j»jl .la.l_j]l (j^i <Jsl *LajS (jjj £-^lj 

= 8750 

-"■arc ^4 



350 
/ 

3000 



^ c= _ Q /Ft of Arc (4-14) 



« rc jl.3 



(JjJa (j^i Jjia j»-iS <J£] j»J^/l Cjl.la._iJ ojl_>jjj]l <Lajlia 4-ajS ^ LuJ iajLJI Cj^.jl»_a]l £Laa.j 
Lal£ 4jl <]ia!>La . 1 — 4 ^Jj L all ^ La£ Aij_j]a (jj£j (jl ojl_)jjill (jl ■ - Ua ojl_)jjill 

Cj^-jIjlJI (j^i ^-.^ilj jA La£ I la a ojl_)Jj]l 4_ajlLa jijlj (jlS LaK (J I— »JI jLu ^iijjl 

.(jyj 4000 jLull ^ lil J*j2) .aLUI 
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Zr^^XSIR) j-i^I SjS jJu jj&S 6-5-4 

V R =I R *Z L =—^—*Z L =^— (4-15) 

As + Z L + 1 

a^js jjj l^laja j .Source Impedance Ratio, SIR -j ( Zs/Zl) <f^' 

. --'I Sj5 ^jit tdli J.s U1S Cjjii-a LoKj .30 Jlja- J] Ja.ljll t> J*' 
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j> ja^^I] Short Circuit Capacity Jl <Wjj WjL^. ^ Z s jl J) ajUi^l j-^jj 

x,- av ''' a u„ 

CjjjS UKs 4 SIR A^j*J jW^ ^-"^ LS'^ 3 15-4 <LU-aJI j&V*X3 

JSULa t_i±uu IIaj 1 Distance Relay -51 <_s^ a^js Cila UK SIR 

jl^aJI (j aa J ^ UjjS ojji-k-a jU?^ L_aljlal ^jJc. SaJ ^ill Jg-aJI <Laj2 lil <jV 

^i.^ull jU lilj . (lju.11 Uaa. jj.im JaVI tJ Jt jl ) JiaaJI li$J 

Ploarization Voltage — N ^iJilwil 7-5-4 

La^a jj^; . a LjaJ jUaJI 4 i i a (^ill .ifraJI (jli 1.1a. Ljj2 (JkaJI Ijj <lla. ^ 

jjju-a .l^aJlj lla. UjjS JLkJI jlS lij 4jJ.laJI 4j15 jll oj^ai ^SS (illilj 4 jAi-aJI £ _j2 Cljt£ 
^■ja i aJ ^ ojjjjlia (JJaaJI djjla. <Jj3 oj£li]lj 4 j^a all Cll] ^jS - laliuij AjIS j]l jlfra jjli 

.Polarization Voltage or Memory Characteristic j i-ajxj L jAj . tkaJ 
^Jallja 4 Z F i_jLaa. ^ <JiaiJ Polarization Voltage J <> o^jill j 

^al (^Lal jA <JAj t (JiaaJI alajl Alajl SaSi IfraJI - jaJLmj \'\'&\ i Adjala 4 ajSlI ^jj^"' i a 

^tiaj 1 V»«j - U] ^lla jAj - Jiaxll jLu3 ^tiaj LjjU elajVI 4ji ^jk^S. ?^ila. 
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(jl dlij liU 4 U <La.ti* 1g -s 4_aj3 j±\ - lilj 4 1 llj Ajjljll 4jj«_a] ^.aJI Jl 1 * ia J 

J^aJI 4 aJfl] ^tiaj (jlj 4 Ijji J^»a3l fllmi ,l$aJ| J jLjjtfl lift JJa J j^alal Jiaxll 



AJLu^l AJl jll ^fl CjbLutaJl <jjlk»il ^IuAjaI! 8-5-4 

AjIS j]I jlfra (jl Jl l_ya.l jutii UjU 4 AijUtall ' " ll jl i aa ; (j-aliJI <yaJ' ^ (*"'"* ' (jl (Jj3 
Ia-N , Ib-N , Ic- ^J^l "W^l l - 1 i>^ O"^ (CT) iLaiia (jaU oj^ai ^Wnnj AjsLiall 
^^LL^jj 4 V a _N , Vb-N , V C _N Jl 4ajVl -Sjfra. <L-aii« VT ej&dj ' N 

V a b, V bc , ' Line Voltages and Line Currents oASsi ^l^iia ^jJ qAA ij$J\ 

■ CT ajfra.1 t> (jJjaj Aj^j VT Sj^aJ j> Aiu 4j-J jl Jx^s 4 V ca> I ab , I bc _ I ca 

Siaaila £_a .SjLSI 12 jA jl^aJl 4-«pUI Input Quantities Jl aic. jU ja.1 Jx^jj 
4 jj*]I 11a JJ2j3 Selector Switch ^Uaj ^Vnn* Cijl£ ^Ltpall y$a.VI (_>a*j 3 

.jVI jA 11a (jiJ (jS3 

^lii^jj Phase Quantities Jl o^ii 3 <J&1 ^ '■ u*^ 1 J) J!>" jAy 

la£j - 4jV (_SJJ_>^ 3juatiL»ll ClLLaill jjj (Jj-aill lift jl <aj5aJlj ?l^ia <_£J^Vl CllU^JI 
(j^axj jl (Jj 4 4 alia a dlbl ma (JUatVl ^Ijjl (j-a <J^ (jjs — AiluJI el^a.Vl (j« (jJfj 
4 4j. iajVl JUatVl -Ula. J LjJ) l«£ W^Ld ^ ' ^ jT^jaj JUa&VI (_>axJ ClLalja]! 

jjCj 4 (JUacVl (j« AjCjJI o^J IiW i . ij\ U ^ (jJ-iall (jj^Ja J ^ja i ajll lift (jl ■ - Uaj 

<L aaLa (_hIj3 o)^-^^ Aj^J fO^ Cyj ' cs^ t_l_jljaa 



JImJI obul 6-4 

^al ^g-aLal jA (JAj (JJaxll sl^jl -li-l^i 'ajjj^a <jaLui«]l A_jU_aJI o)^l ^ ialjJI JJ-«Vl (ja 
4 i_itjS3l I^A (ja dJljll Jj-aill ^ <jaUj^I AjISjII CjUjjLjI Jl ^j^JI J' a»Jj 4 tJ ila. 

. <j3lui«]l Ajlijllj A 1 \t'\ all Jj^i^/I (_K"J jaSi liA ^ajajuij Uj^] 

sUjI J j»L6u ^^ii jliJI (jla Forward Fault ^alal Jiac- dij^a. ^ic ^jlxJI ^ 
R jlaja Jc. phase Jl o^j ^a. (jjjj ^ Phase angle 5-aja Aaiuj 4 JL«JI Aiaj 
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JaaJaaJI <1U. ^ Ullcj 4 JiaaJI <]aaj ( _ s i^ Relay -SI (jl^a ^> jfu.il'^ll and X 

Jlja. ^JjD ui* cj-^J ' ^Lme l> J^ 1 UJ^ ^Lme ui* 

.tSlli Lya" ji 80 

^ Laii Short Circuit tlijAa. jla ClIjIISI Jc. ^L^l JLktVl aJU. ^ia 

iaia 4jk_p 20 Jj-ia. ^ 2a jiaa. ^ JJaaJI Ajjlj (jj£j La LSltj 4 <jal£all X <^ia 
.^LojlLi JDUj Ija. Luja JJaxll jl£ lij J«- Jl (Jj-aJ 4 

4jjjlj oj^j Layac jLull jla Reverse Fault AjilaJI JLktVl aJU. J LI 

a LmIjj AjuiILoII Zr AajLJI jla JtiSlij 4 Phase JI 2Luu3L 180 

<ilala J l$jl (_jj«-4J R-X jaJaa a (j^i ijllSljSI £J>aSI AlJala J Ljiijlj (jj^J Aj\1 jSI jlg-a. 

.Blocking Zone JUlLSVI £±* 

Distance Relay — M 4*1 jj 7.4 

JI)j !ia Distance Relays Sj^V ajsJI ebVl JI J^jU <LLJI c^jL-all 

iLjaaI j> Distance Relays -SI etat Jc Jijj Sjj^ JSLia s^c liSUA 

1- Over-reach 

2- Parallel lines 

3- Under-reach 

4- In-Feed 

Over-reach -M 1-7-4 

(jl (j^aj <jaLui«SI AjlajSI jl$-a. <jla <Jja LjjSI L ^>\\ (jJ-iaSI »j^-?.l «.Uai.l 4->jn 

(jx jju-al Aijla^i jl$-?JI (jl ' (4-lSluiSL) UaaJI (jl£ I jl) 4-Uja AjlS -lut-JI JJaaJI 

<i Ja-aj Over-reach <S dua. ja jUaJI J Jjii aJUJI »i» ^ j i 4 jiiSaJI <ajU^SI 

tjill UaaJI <jt UUa 4iV 4 <S ^'a;'°^SI ^AaSI jj£I UaaJL? ^ laiu <jt 4i£aJ jLa 

o 'j;m olA« J <J]jj V JlaxSI jl ia"»; jbaJI J^j--« L_JLJb <jSI i aL-aJ 
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Ajj! jIaI! L jlaaJ! 2-7-4 

^ Over-reach -11 J£LL« ^ t ii^aj ^1 J£Liallj$Jsl ^ 

IaIjj ^^jII SJjIxaII iaiJI lift (J^ 3 . ja>VI C^JJ " ^ ^ (j- 0 U^i3l>" Q,.' ^ 

j*J^ uA^I Mutual Impedance -j <-i>u Jib Relay J ^ 

. jl^aJI Luj a Ijc. dlLI maJI ^j^i IajjjIj ^jlajj ( 17 — 4 (J'smiII ^ Z m 
C?2 ^ill jlg^JI JJaJ — iafiJall ^jii ^ <Jj.}»J (jjJ — (jiiaaJI .la.1 ^JJ^. -lit (jVI 

4 IS uj a ^Lal jjajj (j^ij ( Jjl <l^a l^jlS <L}jljll Alkali <JUaC.I jl$^ll iSJi ^2 ^tSlLj 

.ajLLJI qa <_$ Aijla^ ^jj jl^aJI Over-reach 





R 




) 







tjjjjljUl jjkaJI j^h 17-4 <_&i 



SiaLujj 3 K null o^a Ja. aii Digital Relays aj^SjII ajISjII S)^l ^ -ol SjLSVI j-^j 

^jjJaiJI (jlS Ijl 4 j i ill i<i t Setting ^J3 (jx t jjqC.j«-> « (jjj^i (JiA 3 (j*- 

Igl^tij jail (jl ^^Ic. i <L«.liJI (j^i ^jj laa.ll .la. I ^Jji. -ijc 4jjjlia (jyi.Vlj i <La.liJI ^ 

,4^a^sS\ qa laa II TTJJ^- 
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Under -reach -11 ^ K*io 3-7-4 

(UaLjx t>ibSll ^ UaaJI ^4 Mi)^ jW^ CSb J 

VJ A^oa^jj Ajlaiill ^jlt j*j 4il ^jjx^j Under-reach <U jS jl^JI jl 

(JkxJI (jl — 1 kaJL — jl$-=>JI LSJi^ JO^-aSlI (^-^1 I^A gJ^J • ^tji^iII (j«o jii-al 

. Under-reach <J£ ^ -ol L" ^jU. 

In -Feed -II 4-7-4 

Remote In-feed JaaJI ajI^j lit ajsU^I j»j Under-reach j^si i>j 

. 18-4 Jiill ^ L£ Problem 



1 R1 Ii f 


I1+I2 | 




1 




I 



In-Feed J 18 -4 



i^jLlij Ij and I2 ui)^L? jj^j Rl jW^ cAA 3 -^jaK."" ls^' 



V 7? =/ 1 *Z L +(/ 1 +/ 2 )*Z^ (4-17) 

Z R = Z L +Z F +(I 2 /I 1 )Z F 

jl^?JI ijji diia. High Impedance Fault ja aJIlUI ei$J j^VI Jllailj 

.<! J*l£ll ^iall Aibj ^ kiu jl ^J^"'-"J V <A^4j ^J'J'^' 1 
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JUbcSri uit£S! Starting J> 8-4 

)<_PaC lijj-la. Jl a jj.'"^ SjLSI Jjaj (j-a ^ ^3 (J^utll ,j 4j3Ljia]I AjISjII jlfra 1-lJJ 

Sj$=J ^ iVi m j i-ijLuVl liAj . Detection L«j1 t^-^j Starting Function 
iiS3i3 ^Ij^j V Digital g^ill »j$V^I Lai 4 iaaa A^i\S^ajj£^\ gjjll q* ajISjII 

. U^Loj3 (j^aiijLj ^Jav Cj3j]I (Jljla Sj «'l > a « »jj i gaJ SJjlxJI (JjjJSJ Lajlj 

(jS3 4 Sj^Vl o^a ^ Starting aJsj* ^ J^aJI ^ A-a^Vu.i«]l i_y]L^I £jiSj 

(jl -Ljjjji]l j»Al jj^ij 2 ^Vi,,,,^! i_u]Lj^I (J£ ^ Jajjiill j » J jiljJ (j^i -If*/ <Lalc 

gjjll qa JlkcVl Aj-alij 4 Phase-Faults jjaoj ts it oj^Slt l_ijL6u jjfLi 

iaia Faulted Phase J^-ai JlkcVl o-° gjjll liA ±&Jfe>* t-ya. 4 Single Phase 

.^aj jj 4 Single Pole Tripping ikJjj 

Starting ^ ^jj^l -ola Breakers J <> gjjll ti* fWimj ^ lil ^^j 

i_Jj^liu) lilli (jV 4 J&\ jl (JJJjl jl -^Ij 4aj <_ ? iC' jA <JAj 4 (JiaaJI 4jCjj Aiiaj ajj (jl 
La£ Zp (Jlaxll <3jlx^i i—lLuia. ^ A^AaJlui«]l 4jCjj Aliaj jAj 1.1a. alfe j^il A -lie. 

. UjJ (jl Jjful 

:< jr A 4 Starting ajsLuJI ajISjII a^LJ Jj^ia d^j lilliAj 

jLull ajljIIo -1 



Overcurrent Starting JjV) aSjjIsJI 1-8-4 

Z (jj^J (_s^l jajjaaJI luiluil ^V'uinj 4 jLSjj] jjjiall £-^jlj (J^l <_rV^ AAyiaJlj 

sic l^o £x c-iJI jL-^ S.Hawa ^^^c IgJajjJa Ullcj ^gjtJjJall ^jJa^ll ^-3 i a l^jS 

Sjj..ni LitvliXiii.) jLull (jVt Parallel Lines Ajjlji»3l iajlaaJI SJU. ^ »IJa>lual 

^jcjlilc^l ^ A LSjll oi* (jx <*JaJI (jx ^a.1 ^jja. <SU. ^ Aj«Jj]a 

.Ajjljlull lajJaaJI LlI. a 
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Under Voltage Starting : ^1 ^j>ll 2-8-4 

Weak aJU. J a^Ll Short Circuit Current Ai^Jall o^a ^vWij 

t cjUj^b ^^-Jl <^a High Impedance pl.iiluAj o^D^ aJU. J j System 
^V'u.n U^jcj t Starting <_UJ t5 i^j Vj jj j» » «a SC jLjj ^ o^/UJI oa& Jio tJ ia 

aJU. jLuC-YI ^ £-0 . JUat^l L_aUi£l J .ItLm (J\oU£ J (j^aliij^l 

jajiij jlfraJI ^ la J <jl ' ■ uaJj i ■ la ; i - ua Shut down LoLoj laaJI J' <a3 AJLa. Aj^aLa. 
IfraJI (jlaliajVI Jfl«J jUaJI (jla i^SIi djjia. £iol j . aJUJI sj* J ^JaU. s-liJ 

Sak £ j>j . Minimum Current jliJI (> ^ j»j JajAi JJa*ll Jc. l>i>o 

? %70 Jlja. Jl ^aJI L pa»aj| Ja : jjja-i jUaJI jla jlull J i_ajiL ^lijjl djjia. 

jl£ 131 aj! aJ^Xo £a i Distance Relay Jl J-c. <^ AjL^I vlulS liU 

. JjVl UyUI J US j^aJI A^i] jJiij V LJUa Ij^ jLdl J ^IfijVI 

Under Impedance Starting ttlttt 3-8-4 

^^-ojjij La Jc AjsLuiaII Ajlijll oj$-a.l '"'^ J Ljajl ajjg mi oil ^ljj^/1 ^ 

j£\ a£LJI jjIj^I Jl AiL^/li Relay jla aJUJI o^a Jj t Under Impedance 
jllj ^jlj jj^I ^jU. ajuIj ©jjIaj jj jj AjU Protective Zones -s>^. JIoj 

.ij-la. (Ja.b A Jj i aa all Z Aaj3 £ij (jl J^a_ajj .Zone-4 — 1 A3jj*a]I ^jAj l g lilli-laJI JgU'i 
jjIj-JI (J^a.J J] Jjiiill AJaij Jii2 jl Lola : Starting J jUaJI I.1JJ Sy^ll SjjWI eiA 

Jji^ull ^io <^ Blocking ^ua ^rjlaJI ^ Jki J ( JLJI aJU.) dj^l ajLlIJI 
Spb Jj'snn Jc. Sj^slLi Aioajll Ajlijll jj^jj • Power Swing aJU. Ji* 

^^it jl^aJI (jJJtil lilljj l^lb taij ^ (j-aLo - laliuiJ iiljt£j AcjUo Ann, lift cj>^ Starting 

Heavy Loading JjSSII J^aJI aJU. ^ ^UJI Jji^all 

4 Distance Relays Jl J£Llo ^1 jAljtll j> Power Swing Jl 

i Zone-1 JjJa. t> Jai Jl Relay Jl U[y Jll Z A^ia (j^Vn J ^Loj L^j^. *Lula 

jl^aJI (jl ^jjxJ La« . I^Aj i <_5_^a.l (j^aLaJijj Jjaj ^aJ t <^>a.l o^o Jjji Lo (jlc^uj l^j^l 
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JUa&frl J^jj Ak\\\ «\\ ^LJafrl g_4 

^ L£ JiaJI L-al ni'^l ^ 5-4 ejaJI ^ La£ Relay -II <Ja.ta aSjUJI L_iLua. 

(Ja^jS t ■ i-> j Aji AJia^La £a CB -II Jj-oiJ SjLvil JL-ujI ^jA 4-JLjll SjkaJI JjS 8~4 ejaJ 
. 2 U.^ m jj^jj ^ij ^.jj Cflj ^ JJaxll AjIc <_jill kail ^jL^Jj »4»?._>aJI CBS -II 

^ ajja^l Relays -II ^i? Communication l-iLUjII <> g>i ^jlL-y liAj 

£aij ^^jll 1 aJ > .1 V (JUacVl (_K"J (jl jAj __)i.l 1 ■ UjuJ lii aj (_gjj__>jJa lAA i ■ JaLauIl i_Jjlujlj 
V i-llliil ts* Relays -II Aaj 3)-i.iiljj mi ■ '«*"<" J3 ka II ^jla ^ <-J)5 

(j^j 1 ja.VI <— ijUl (jc. jj=lja]I Relay Jl ^ Lmljj — jj^tj u-i>? 1 «*''^' jl — ■ 
UiLoj Lula JaaJI ajISjII y^?.l jjj Communications -II ^l^iiJj AjU Ua 

<jU La (JJaC ' al uS£l jj^i (j^aJ lil laaJI (^ijJa (j-a l— Sjia (_gl Ik. jLj-a. (_gl (jU LajxCj 

^-.Xiu.i La£ Pilot Schemes l_sj*j La J t 



Communication -SI «^IJ-^I JL«j! JjL«j 1-9-4 

^l_oj| oj^L^a i aj ^.iaj LuU Ajlijll oj^-?.l (JJJ Ajtila]l Cj^SjJj^JI Jj i aioll ; (jl (J^J 

IdljLS^I oiA Jail Jaajjjj ^1 iajLujjll 

iaaa (j^aj^aa^a (J^aLa. (Jjl£ jAj Pilot Wife J La -I lalml JajLujjll o^A jaAl qa ~ 1 

<j 4 laja all Jj^aJlj CjLiijilLi JptjJ V ^^Ja I Ala. (Jjj«^i (jj^Jj CjljLjj^/l siA <Jaj] 

JjI£1I liA ^L-ajj .IkaJI (jj>ki Induced Voltage <ja iji jl jLaj 

.£25 J± JljiiU 
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Power Line Carrier j <-sj*j ^ CiljLiVI Jail 4-avVu,i«]I J^U! t>j _ 2 

Aij^kll oiAj -Lmij Jaill J=lL ^ Communication -II CiljLiJ Jaj ^ ilua. PLC 

CjIjUs^I Jaj] Fiber Optic Cables fljii-l lipa. -3 

iajlaaJI ^3 Ja»"nn"i o^lc-j .AiKj j^Jt^l I ■ a-jl ^jA A£tiHj lfr&3 Jail I Jj>la (JJJ 1 

150 ^ 

^3 dlljUi^l (JUailujI ^jJajjj . Lagjjj (JaJj£i]l ^la] A^jjjall ^Jjp (jc ■ ilia a 

. 19-4 J^ll ^ L£ spu* 2 t~ „n j^i 
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j^aaii^j^ai Pilot Schemes ^i^-i 10-4 

Distance Jl jl ^ aKAJI < Jk»JI J^L* t*H%a liu <jl jj^ L£ 
Jc. ^hUsII plksJ L-ujuoj ass <ikb A^-ajxall J^LJI ei& (^Jc. iaia A^ltl j] Relay 
JjVl <kjJI <xy <Uaj3 Relay -SI £tai ^ Jtlall Jj>« 

2L3G1I 

JLktVl J^ii <_5ja]l ^ajiiia jla i ^jk^ jA Laia . Loss of Stability 

. Unstable 

(JUaC.1 [j* (Jj^J 4 IS ui " J' ajll J^t (jC Lijj ^gjll iSji^l I (JSLaLall (j-aj 

^Lkj jU Transient JLc. djjia. Ait -d j^a t ^Lajta JLktl Jl Transient 

jjSj Sjj^j opa CB -II ^ ■^J* Auto Re-closure JaaJI Ajla^JI 

(jc AJjl^all Two Relays Jl ^.1 j^o lila i JJa»JI a^jUII Sjl^ill pUIaV <jal£ 

(jC A^jUII ojU»ill pUJaj jiLajj ja^t ^ ' ■ UxjUaui jj^till (jU ( (J^aJI jjc. (JiaaJI (Jj^aS, 
jA Ajl j»Cj3 Jtilljj ( J i <aiij jj Jill A$-?JI (j^i j aii in in (JkxJI JvLa. jliill (jV <Jlax]l 

.^|j (jjJ <La.lijl fjja aAaijj A-ajb ajjj^aj iaaJI (J' " > °,' L " Relay Jl (jl Ajlt ' . "jlj ' " La-a 
i (Jj^aill Ajiat ^J>j^ ISjJa Ajla jll j . a i '3 a J^l -^3 JSLuiall sAA ^jit ■ ■ llajll (jxj 

<jLa) ^)i.^/l i_j)ia]l (j^i AjLtj ^jj (JajjSj A3 CjLajlx^JI sAAj t iaaJI (^J^ 3 CT^ clH^i^J^I 

5 JajVl ^ tSllij CB (Jj^>3 L-AIa LI i_JUJI ^ I 4 ( j^lj ^ ^ 
tSSlij CB ^ (_iUa j ( Transfer Tripping Scheme) Aijj*JI 

tj&j <. ( (Blocking Schemes j i_ajju 
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Zone-1 Extension Scheme ^jVl &j>JI 1-10-4 

Relay -SI J*?. ^ i_njui2 ^1 JluJI 2 K „ ^^c. . . j»Uaj]l liA 

^ La£ JaSS .lalj jl$a -I lalml <Jla. jl laa II ^ji^la ^^Sc- ^jlajSI (_gjl$a. (jjj ClLa jSjlaSI 

. Auto Re-closure jW - pl.iilJj - jjaj JajLSb jSlj t Radial System <Sla. 

.Laa %80 Alia. i> V.ijs t Zone-1 cS-^-J SJljj <J*e i_ijLiVI 11a s£a -laitij 
Auto Re-closure Jl Jj^j SjjWI ^ Ckc djj^ j>?-»j j 4 % 120 Altai 
ii JkaJI S)^ii jj^j ^UuVl s^a ^ i SjjWI Jjlc. cAs^ AJjla-JS |)aU. jjlJ 

Auto Re- Jl j^aJ ^jSI (j^Aj 4 SjjWI ^ilal 

JjVl aJ^j^IS Aj^iail Jaijall jjxj Relay Jl tj\i SjjWI (jlc. SjIcL closure 

• (%80) 

.... ?^ajj]ail a'Mb (> Ufu«S iiL : Jl^uJIj 

^311 JLktVl J <4tt ^3— i (%120 ) J>l AiL-J ^a Zone-1 ^ jjS : Vji 
l^aLSl£l ^jj i_ijjL« Arc Resistance Jjaj < . UaaJlj s^uS I^jSjIx^ CjjL-a 

. Zone-1 

Auto Re- Jl pjSj ^4* Ujai L£j 4 J]a*JI ^«Ur..„ Ua. H ^ ^jc : LuIj 

SjjIJI (jlc. jVI cs*^=SI ls-^-JS Relay Jl oi* 6^ closure 

lil ij^ic 4 cjiua.1 .sa Sjl^iSI o^U) ij\ (jj- 2 AjLSaJI JinJI Relay Jl <_sjj^ 

jj<;..'j ^ajb <aj Al_aa ^ki (%80) A;\ft"ti Zone- 1 Jj-ia. ^ <J*ilL JiaaJI (jla 

1 a ja i a jj^SI 

llllajtLi <_£La ill-iaj V ^1 AjajUJI JUatVl jl jAj JtjJalj I ■ UC. tJliA (jal 
. tja^a Igjj^aa jail Lj^jjj iaaJI (Jjla (j^i % 1 20 t_S^o ^ ^jiSI CiajSI (jaSi ^jij Ajajla. 

4 ^ialaJI (J^aall lift ^ajj cjj^ Auto Re-closure Jl ty* ^ ■ ^ 

. tJ _iJaljjaV I sjaC. tJ Jt ^fkSlj jiijj CBS J3 <_gJjJjJa JJC- Jjxjjj AKj^lo liSliA Jiaj jaJ 
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sfer TripDirect Tran DTT ^1 2-10-4 

Jl (^Jj J i^aS ojLSj J_lujj l_ijjua JJaaJI t < .S&J ^ill Relay -31 jji <JL)ia]l ol& ^ 

Direct Under Reach \ UU^Ij . cjjiJI Jc. jj^-jJI Relay 

^^jJl l_i±lu j Aiat y£a j i Transfer Trip 

AiSj Aic. Ji=*3l ^jj L^j JILJI Jc 20-4 Ji^3l ^ R-A Relay Jli 

cjjiJI j-a 1^ <ji Zone-3 ^ jl Zone2 <^a j - IkiiU - F 
Under <UU. <j-a cs-^^s ^ ls-^ ' ^3^ <Lajlia Ljl SjljJj <_£>Li. dj^a. Lajjj < B 
R- (j£3 .Zone-1 -j o^UJI Reach Jl qaJo JL*3I <_gjj <jt ^h.j <J 4jV ( reach 

Jj^lja3I R-B (j-a ^ 1 i gaJ i a <_5j3l yLS^/l y-iiLia (J * afl-j L_S_jjj DTT ~l l^jmbj A 

.Zone-1 (jAi^a <3j^ij JLxJI J\j ^i3lj l_i^all ^ 

^ La£ Local conditions ,*-a ^Ijj^ J cdxgfc J\ J-ac. JjAj R-A J^>a ^ 
. Under Reach j Direct 0^331 ^.ikU La q*j . 4j3L ^jaS jj^L 

<Jj (j' ' . tiUila l_Sjia3l fjA <La.lla3l <Laj3x^3l ^JiC yjjjlia J i ail <jj5L3j 

(jjj dlLajl«-a3l (Jlj AL mj3 (jialjJI (j-a 4_i3lc. 4_=kjJ> £_a <-lHc dljUi^/l oAA JLSj mlj (Jlj 
^ J_k*3l jJa ^JJ J Lai I j^L^ J^4i R"A (jl JUi3l ^ .(jjijJall 

OR- 

. Jiill ^Jal j ja La£ gate 
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R-A 



T/R 



uTrip Command from R-B 
^ Trip CB-A 




._ R-B 



T/R 



DTT ^Lulill %>L]I 20-4 Jlos 



Directional Comparison Blocking 431151) 3-10-4 
J^jj 4Jla External Fault L^jU. Xkc. i i . nfl l |j| Relay J oji ^jjl^Vl Iaa 
JSjill (ji Relay R-A jli JIjHjj ' _>*VI t-jjUl Aic. jW?-^ Blocking *i« 

CB Jl lU-ssj Forward ^jjll (>> ^ kr. t lij 4 sLaj 21-4 
.jiVI i_ijJa3l Jiic Relay R-B -11 t> *i« SjUiJ 4lL-aj 

Jjkta - i_l]LJI I kaJb — JiaxJI <_5jj A3 (JjAjSII s.Uai.1 LaJJ R-A jl 

Jjjjjxu External Jixll aJj^ i iiflft; <j1 csill R-B oil . Zone-1 ^jAa. 

. JUlitfl AjLial R-A J Blocking SjUij 

J^j dua. J^ill (jjjlfraJI £y> J\ jafci Internal J-L*JI aJU. <ul ia.V 

. jiSu U^io (j-o Blocking SjUiJ 

open j^-al Transmission Line V Iaa L-*j1 Jia.V 

IjjSi LaS 4 (a-o jLoJI Jij nij JJL«2j jjIjj V (^jx-aj) J Lt*JI 5 ajlj circuit 

. Jilii Ajla Jj^ij lila Blocking *l« SjUiJ 
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R-A 



Zone-1 Limit 



R-B 



Ext. Fault 







| Blocking Signal 

i 

................................................. 


J 1 





DCB 3311311 UyUI 21 -4 JL5 

Permissive Under-reach Transfer Trip ^LjkJl 4-10-4 

-4 JSJill ^ !>LLa R-B) jjipall ^ <L^>lj3l J ■ aall SjLij ■ _ «; ■ i_ijLuVl lift 
^jj ^ R-A oj^ J ( CB-A) >Vl i-ijUl jjay-ll jl^aJI a ( 22 
Extended Zone- 1 -j i-j>aj l$J s jlaJlj jJI Aikull j Zone- 1 <^a JiaxJI 

. ZA j Jl^l ^311 « 

<J aL^jIjII ojLi^l o^liLj!i] R-A ajL»JI jL^J ^L_JI qIaj (^£3 <ji ^5-"-^ 
"juuuu" -d JjSuj t Under- reaching aJU. <^a Qjli J i_±»j ajU <> 

Alia ..n CllpL^ 1 iA (j— aj R-B (j— a 4j3 » jll Trip SI ojl ujj ^IvVi uiL 

.Permissive 

(Jikj as R-A tjj-*3 -^j^A) ^ ^ ' t ' ZA ^/^j Z2 ^~iVu.ii UU^Ij 
<jla tSjJj jjijj 4 R-B Cy ^jUlmVL "<U g ^ -mJ' Starting 4l^a ^ L 

— 4_jc. J-J*J La jAj Lt« I (J I AJ*^ (_jjiaj_ki jiLal Lul ^ 33U La jAj .ojLj£/U ' . (j^ 

. AND-gate 4iL - aLjjj&iyi aaJ ^ 
: jjalU Trip <3 dj^j CB-A J J^ill lia> t> ^ j 
. R-A aIi^Ijj Zl JLc. djj^i. i_aLSl£l aJU. ^ La] -1 
ZA AikiaJI ^ JJaC. <JU ,J ,1 -2 
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R-A 



ZA 



ho 

:Z1 



R-B . 



x 



--) AND 



OR 



Trip CB-A 



i 


k ZA 






Zl 












7 R 












PUTT <~IJI 4%L]I 22 -4 Ji^ 



Permissive Over-reach Transfer Trip 4— »l*il Aiijlalt 5-10-4 

(j-a jAj-oj (J i ajll ojUil (jl jAj <_gjAj^. Jjjls £-a JjjLuJI i—ljlui^l LoLqj <-_ IjLaVl I^A 

^ JiaJI jl£ Forward Fault <xh c) ***** -^^1 <jrl>k cs-^ Relay <_s* 
R-) JIUI Jja^ (jjajiJI (> ^-aljll £)l"VI o^a J] ^ 4 Zone-1 or Zone-2 

j^Vl i_aj_L]l ^ji JjjjljJI jl Jj^aS ^ tjuiin jl ( 22~4 nill ^ !i\!La B 

t Forward Zones iJ ^ Jkxll L^J ja <_sjj J R-A q*% -k>4? ( CB-A) 
-uU oaLj^JI <jjiA (3*^ ' Over-reaching <JU. ^ o>^j m-^ ^ cs- 1 *-^ 

•Relay -II JU^Ij "juuuu" 

i Li^a IgjS \ kail <jjiLi <ji jl&J ^jII ojjj^jall JajJaiJI ^ 1,1a. Ilia -1 lajll I^A J 

Ait Relays Jl jU High Impedance J^U. JUatVl aJU. Jl« Cj^UJI (j^u ^ 

^ La^ia J£ ol^ LaJj t j >i&U 4-j£] - Forward J lSJ±±* La$ia J-£ ia^JI ^jia 

AjJ Jjiajxuj Jjjl^JI ^JiJ^ Jk»1l liA Jj-aS ■ a3 — Zone-3 

^jJjl 4ja^a£ S -l i ail ^JljlLlj ( j_a.^l L_aj_L]l jj-a ojLjjl + ^j-aLal J kcj jjjijLuill ^jJaj-iill 

. Pilot Schemes ol)^ ^1 ,iaj eiAj t jj^Jj jj-i 
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5 



jiilj jj^i 4 Jjl aa 1 jaLalAVI .llj 1 aK 4 4 .u^£ll (_£jill 4_ajlaia ^^i jj-ajaJI 4_LaAl Cj^lj 1 al£ 
4 ijLaa. ^La jhlnl l j^Lc. jp£l jA ^lla -4>all2 lilj 4 LJ (j^ajall J 

^jJjj 4 OLiLaaJI ^Ijjl (j-a ^jj 20 (j-a JJ^I J] 4j 4-i^alaJI Ajl aa II -i-ic- J i aJ Lajj3 

J^a A^jjilj ^ jjl ni'il C-iVya all jl 4_l^>U. 4 4-uj$£]l CjVya all 4-LaA^/l ^ ClI-lljJI 

. 1 ^"^1 t 4 c ^JLJ al l ; al l 1 ^ia 1 g > ajl > ~* ^ t ^ i 1 ^lj 4 t " i l ^lj 

■ " 'Vj^ all 8 4 <Jj-a_a <J£ ojAall (_gj'i . .i Ixii all ^ <xilall 4-]LaaJI 1 ■ ull i "I dljlidij 

4_]LaaJI dlLaji'i . .i n JAaj Laiu 4 LjJ A J . ajjj <L]Lia£ jj jail j»l.lij_uilj Jaia ^ 3j£j Lajj i all 
4 EF Jlj 4 OC -II 4 4jL_alia]l 4_ll3jll L>ia yjjill O^ja-all ^ ^Ijji (j^ai. j!£l Jl 

.UjJC. 

^ nmjll ' ■ LUtll ' ■ U mj ^j'— aa 1 all lga.ll ^ 5_il3jll CjliiilaJ ^ jjjill " I ala I ^j-a j»C^)ll (_jlcj 
dlijll < _j_« j f'<^ ^Ly^a u it J Lxa <JJa£ dj.la. LaK jjjill (Jl-liiuil Jl 4_i.laJI jAj Cjljjjil] 
4_LoJ (j-aaj Ljia L_lLujil oA*] i all CllVaa all Cjljjjill j»l.laJiujl uj laa ^ ' Ljl Vj 4 

4_jllc jjjil] A^nlL Aj^Lajt^l jl Lajl l^iaj 4 Molded Case CB, MCCB j ijjlia 

jj^i ^jja. Ujli [>Ja.lj 4 <jjl«JI Ajljjll oj^-?.l tj* (^^1 ^J-^ ' J ■ aS II ' '"\ uS£l ^ lis. 

(j-a^ij (jj^jjiall (JJ-jjill (J-J-aJ ^j-Ja. CiJjll (_>a*jj ^Uaj m LjjU MCCB —II ^hVi ml 

.^lu^ijj o^lcl (Jj3 ^1 Jj^ all 

jjj JLktVl Jla j 4 Phase to Phase J*« _>slj 1 ^ . ^.^ 4 Jj=>_alLi JLktVl ^Ijji g>n5 
jjSj JLktVl (> Ajcjill o^aj 4 Interturn Fault ^j^j ^a.ljll Phase Jl cjUl 

( _ s _3 l_A J jaj ^l^j-J L-aiu 4 4 ■ aja ' all ^aj| ^^-3 ^aAaj_ui«ll 1 " iVj a all ^^-3 oj^Lj 
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(cS^U? 1 - . J. 1| 4jj_)^£]I 4-lLaiJI >Jaj 



<juaLa. (J j a all dlLal ^j^ajjtj L-U-i aj JUI ^3?^ CjI i (JUI Ja j laa j J i aJJ ^^jll dlV^a all 

.Jp_ai] Rated Voltage -j <jjlia lis. aJUII *jill oli Impulse Voltages 11 ajjI^I 

JIjjj^ A^iij tdlij 4 Core Faults (^ajjlJI <_iiSi\ ^ iliAaj jl JLkeVl 

^jc i^aU. i (j^^W ■ . dali 4Jjauj (^ill t ajIUII Eddy Currents 

Cljjl] 4 jja i I—. u — 4_ijj}ll LllVj-a all ,_i 4_i-aLi. — J Ur.Nfl ,JjLa2 Sa-aJI j malj 

JSjuj, La£ Bochholz Relay JDLa. JJajJI 11a ljLjjSI La Iaaj j -Ukjj 

AS lilja. Tank Fault ClljjH jj>ij Lyali 4-JJj)ll O^j ^ all ^ djAaj Jl lac. I lilLiAj 
j laa A_avLt dljjll i_Jj_uij JiLaJj t a i aa II jj_lu£ jl t <J!)La. j-a i^Jj)ll L-Jj i uJJ 

. i_jj__)*_a jA La£ ' " iVja all aAgJ OJJJ^ 

t j j , Sjj dl^_a_a]l (JJaaJI jLu 4_aj3 ^g-lt JpJ^J ^— 0 i"-*! (j^ CS^i J- 1 lh!^ls 

. Jja_<JI Ja.b Jlaatll Jl AiLb^Li 4 Earthing of the Neutral Point 

. JLtil Ag^JI Cj^a_a (Jl£jj| (_pMJ jjjij 1 — 5 OJ_jJ-allj 




(djjllj (Jjja-a JJ-ul$\ SF6 -J <Jjj*-a (jAjVI) <_Sj^ U^ji« I l - 5 OJJJ^a 



iuLbiisii Ajii jii 2-5 

UvjjAa *ac. (Jj-aill J Ulijjj (^11 Overcurrent Relays Jl J£Lia <> 

(Radial S.i-a.lj 5 ga ,j_a SllAxll .M) L^ik t J-LnJI (jLLo j-iiaj 1c. 
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Jaj JiaJI jLLa jjiaj ,j£. j)a.Lc Overcurrent jL^a. Jl^ ilua. .Network) 

Jl jli ^; ■ all 4-aj2 (j£. jLii]l SaL) Aj2>_aJ 4 ^ 4jjLa^. A^^all j. Ji.b 

. JL«JI Iaa jll* jjt jkill (Jxuu^OC Relay 

4jlij]lj L_ijC. La jAj 4 AjA=>. i_JjLjiI £2Ia1I LojjCj ' <_J^Ul-a3l oAA <J£ 

Ji.b JLktVl ojj ii-^L; cs^b Differential Protection AjLiliall 

L$iV Unit Protection oa^.j]I LjUa.1 liij 4 L^jLkj <A *aJI 4_ikia 

A3j . 4 » >i*>*i AJjall ^^Jo oA^jll aAA (jj^J A33 A^jjulll (j^i oA^lj oAaj 4-iLa^. *J-^ 

Differential Relay jU Jlj^Vl J£ 4 Jiill Jajia. a^J CjaIS La^j 4 Jj^JI 

. iaia AiiLaa. aUJI jj-aixll Ji.b Jk*JI (jl£ IaI ^1 (_t«j (j] 

jaJoij 4 kj 1 ^ S 4_ila jll (j_a ^j-^l lAA (J-aC. Lislj W^jjj j»Aij J i lAA 

. J^LLall sAA tJ lc. 4 ■ lUMI (Jjaji j 4 Ig^JjJ ^1 (J^Libajl 

AJl a+JjJ$\ 1-2-5 

U£j . 1-5 Jiill (j^ Ia$J AjjjLuVI s£ail 

(>a £jLiJI J^b AijLaa. Alkali ji.twti Jilill jLull jJJ JjjAll jA jll jl^a. (J^-IaSI 

t_ajjill ^Js .Differential Current j jLull Iaa ^y^jj (Ii - I2) j^wll 

^jLaj jl| jl^aJ (JaJaII jIjaSU JLilLij 4 Ij = I 2 jl AjV JUacI JjAj ^ixjikll 

1 alia j . a 1 ala (Jji.AH jLu (jU AliiLaa. Alkali j> ajatll (JilA (JJat Aj^kj <3la. Lai 4 jii^a 




AjLialioll AjISjII LS-^Lva 1 ~5 (J£aS 
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Differential 4_jjjk^l 4_iI3Li aIlo^u ^ w« j Laj mjti ^j-^l 11a (j-aj 
.{TjjiJIj Jjiiii jU jjj "jjilt" J] Ljb jku ^alj ja La£ jU^JI Protection 
. jLull J aj a w~ Protected zone 4-Laa_ajl Slkiall jl 

c^U. La j t External Faults JLkcVLi jta V jl^JI jl luJ 
j]_>»ll j .^i it II jjAa. Jib j^jII iaia oa».Ij oa^j (^-aaj AjV Unit Protections!^; 

IIa 1 _ U i aj <GjLaa. jlj-ajl j i ajjJI (J^iLk JLc jLij JJJ-° j^-"^l j-a 4 4-Jjl «^ 

jbiili JlilLj t £jj^l jbil LjjLuix JU.j,„ j, J jLu J V) 4 ^jUJI JJaxll 
External -j Jjiij V yJLjIljj < ji^> tAjb-y^ Differential Relay -13 JiljJI 
. iaia oj»j ^ AjV Unit Protection j aIl^ Cj^U. Ua j*j .Faults 



4jL2aliil! jll <U! j3 ^lwd! jSLid! 2-2-5 

A -jlaC <J£bji« oax. j-a (_jjL«J Jjjbuill -j 7- 11 £_>jua (_jlil -I laj jl ojbjj^/l jA^j 

(_paxj JLij] ^jliuij 

L-ijjJall t5 Ji=*. 4 ^jjjJI jLij j-£ bb*i > '< Vi-^j Jja.jJI jLu jl JSb^Lajl alA JjI 

Jjjjj 1 "3 lu (JJaJjuiS oA^lj j-a Ljl£ jj ^ ja a 4 jbiill a a (JjLaJ j».lc. L^ia v 

jbiill jL£ j-1 4 j-i.^/1 jx- ' ° lla * 1 afrLa <_L£] (_£ailj3l < -1 jLa II ,_i jbiill [J «aj 

Ajjt ..-i ji£l _>a*^lj i alll i_J_aJ«J UUa.1 (_£jxi llsj i LaLaJ LjLjiLa ^lAlj^/l 

.jjlja-all jJJjij 

Stray 4JjU«a. ^Ij_a3l j ■ ajjJI ,_i s^jLvS Cjl_££a ^>^.j L^ajl i_jIj^Vi «1a j-aj 
saaj 4 <jjlaa. jKJI jj^ajjJI JjU*3l jl Cj^lill i_ii.hi ,jj£l Capacitance 

4 jlc. i_lj_>1i 4 (J^J^^ ie-1^ (Jj^aJI jLu (j-a (y-a. LjJvLi __j_« i— Jj luJJ ■ " 'I 8j£ all 

(jjJjLaia jLjiill Jj-a-a (jl (_>=J-3 J-l ^j-Ja. 4 ^Jj-iJI jLu (j-C- (Jj'N *l II jLii L_i!>lj_i.l 

. LaLaJ 
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Iaj (jl (JLaii.1 lillj^a ^^^jli. [J Lao djj Ajc. 4_j| jjfcj 1 - ' llj ■' lilLiAj V 

11a t>\jh jliill S-aja (j^aliLjl <Jt s-^Lw J ^ ^ (Saturation) 

•(j^jljll J uaall (^jI^JjVI 4-jjU. jLull ^Ujjl 4 A-^j^j Jj -s all 

lijjAa. Ajlt ^-IJJJJ .if! ^jjiJIj (J (jJJ JJJ^ a V t * i w ^ , ,. lift ^^Itj 

Raised / Percentage Differential Relay 3-2-5 

.2-5 Jiill (^i la£ Aj^a 



CT 



CT 





Protected 
Element 






n- — 



Op. Coil 1|| ' 1_| 2 



Restraining Coil 



Ai^xll 2LL*l£]| U$j\\ 2-5 Ji^ 



; 4 alia a ^IjLu o-ic 4_i2 j^ij Ajlijll jlfra i (jVI 

Jji_£j]l jLii L^J < _ s -o^ijj 4 (Ii - I 2 ) <_sjl^jj Differential Current Jl jAj JjVl 
^ tj-Jjll i_iLJI) Operating Coil JjiJu]l <-LL ^ j^jj Operating Current 
l_a> ,w ; m. jl—SlI I1_a jjUI (.j-JI J o^ 1 6-^ ' (2-5 .fill 

^jLay La^ia jjj jai* (jjjLu <> liib Restraining Torque la jlia 
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2 



A' 



-5 JSJs (^iiVl (-jiJI) Restraining Coil ^jllJI i_iL cjUl jjc^ N ^ 



•(2 

A_aj3 £_» l_lluIa1i Lajlia Lajt jjjjju. j Mean through current -j jliill Iaa ^j^jj 

.Jjiuall L_aL Ola] 

1- Jll. 

jlij £_« L-ljJCni Jj*_jjj]I fjc ,jLa i lout = 4.5 A <jlj I; n =5A jl liJajS 



I op = (5 - 4.5) = 0.5A 
5+4.5 



I Res _ 



= 4.7 A 



^ JJaaJI jl£ lij Lai .C^UJI oAA (Jla ^ 5lj<i <Lia l_Jjlka]l jA IaAj i J_a*J ^/ Ijjti 
lyi aJ bliLaS ^jjiJIj (Jji.JI jJJ JJ^ Lili3 AjjLls. j- aj»]| (Ja.|j 

L„ t = 1 A & L„ = 20 A 



(_5jLuij jlij ' ■ ' i "1 jlj (Jjiojil]! ^jc ^ ; i aJ lA^j*3 
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lop = 20 - 1 = 19 A 



(_£jLuiJ jlij £-0 L-LluI jjJ A^ljlLall jajt 1 ttllj 

20 + 1 



= 10.5A 



. Biased Differential Relay L^J <^»-!j j Percentage Differential Relay 

:jYUia.l ^Ua ^Ul JLJI <JU Ji :A&jiAa 

£j n-\ n jA Op. Coil ^jijLall jLj^' UJ^J^ Uiicj (j^^^V O" 0 lilliA <jj^J <jl 

^ i— a L^aVl aJUJI j£] . ^gjliill jliill Jj^ ■» ^ AJklajl jliill ui)l^ 

(jiJj ' SCJI jJJ <jUa«JI jlij ^-jjpAu: SJlaJI ojlA ^^ia i (jji.VI A ^ il (j-a 4jA*J 4>?J ^ & 

JJLulUI 4ikl4 Jjjj JajJa 4-2-5 

dj-ja i 3 _ 5 .'Ml ^ La£ j 3 U." ^jj]l lift ^-2 4_ajlia]l jlijj Jjt fflll jlij jJJ aJX«JI 
4_ajlLa]| jlij (j-a 4ijjlj A I mi jjlaJJ jl Ziii I Q p (Jj« miMI jlij jl £^jj]l I^A ^ -laa.!^ 

•iRes 



40% 




20% 
10% 



Res 



JjiJlill <akia] S i la all Ailia_a]l JjJ-»3l 3 — 5 (J£" 
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Jlaj 4_£l*]l oIa (Slope) J^a j 

.4_]jla]| 4 J i n iUj LajlA L. ijxj j i (Jji. (_£jL|J (JJJ (JjLaiil 



op 



J ^jL JjiJall jU J .p*^ %40 J %20 J %10 oj^ Slope Jl lifcj 

%10 315- 

• 3 — 5 JSjill ^gi La£ jjjja. <j-a Uj^a 

( J-il '* aj . (Jja-iijl] 4_l_uiLuia. ^ i 7 (j^ LaK (J-l«ll j'-^'^ il Lal£ 4_j| £^alj 

US 

. 3lila CT (JiU Jla J 

4_i.Lui«£ jgJJJ ' _»Aj ' <Jja-ijil]l 4_]Iaj Ajc. I D p 4 u.iillj j°' all jc. j;» i all ^liijj^/l Jaa.V 
SaIcj ,4jA}3Sj1I o)$^Vl ^ ii!l£ja.YI Jc. t ■ lUMI (j-o^j Ul la£ 4 ^=^1 Jjij&ll qa <jU 

. jjial £jj Iajlj lAa. ;» i a (JaaII I G p LlIi a ^Ai 

jLii (JJI IaA ^a mJj 0.2A Jlj-a. &>$-?^ L)' n *• CS -3 <_SjUij iS %10 4; mi :4_lajaA- 

£j|pja s>$?.Vl oaa Jia JjiJull j-aj Lai . Minimum Pickup current .Jjij£j 

JL. 150 J\ 25 a* 

2- JlS* 

^ . 4-5 JSJdl ^ LaS %10 ^jU; <J Differential Relay J li-ya jJ 

(jjj Jjjill <jl ' - ' 1 I 4_jHc 4_ajlLa J!>Li. iljA^. A3 4 jl aa II 4 Hal- Jjkb bLkc. J iLJajS 

jLjSlI Laiu t 320A ^jL-y lKIaII jLilll jl£ Aaa I^jjS j^ ^ ^jUllj (J^IaII jjjLilll 

<_5jL^j CTR Cjjj^a Jijaj 4; mi jl Ij-JajS lili . 304A cSj^J ^J^' 

?V r 1 JkJI i^IIaj jl^JI IaajxAlu, J^a t 400 : 5 
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'■LS^ ^ ' fees < l0p 



320x5 

400 
304x5 

400 



4A 
= 3.8A 



/ op =/i-/ 2 =0.2A 



Restrain ^ £-£ l$i a^j t ^^Ic (0.2A & 3.9A ) A-kMI oi& ^jjjj 



lop = It- 12 



0.39 A 



0.2 A 




Slope 



Restrain 



3.9 A 



2- JUI 4-5 J^i 

^ AjL^I M >^ f 1*^1 3-5 

J£Li« s^c j^kiuia 4 ^ Jj=>_a ajUj] Differential Relay ^.liU Aic 
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JAC. i <a-uj Jj^ all Jl gjliJIj <Ji.l.lll jliill (JJJ Jjjji 4>?J E 

J] 5 iVU ^ .1 uL l$k. jlaJ 5K s 1a j ^jjllll Jl-Hi^l ■ ilall ClUl 

. jj^SII J 4jc JI^VI CTR 

Tap LaJ 

S-aA-JI ^ Jj^ jj^j pUSl -\^"...< ^ill ^ jj^j L Ullcj t( Changer) 
TAP -i jjj-all s^M' j^h jjij AJt i-Ljii ,On-Load Tap Changer 
<jla jLilt^l a^jj li) ll&j 4 j^VI >.i iKti j-uu tlijAjk (jjj Changer 

I laa jj£I ' ■ i l-LluILo Slope jli±i.L) ^JLatj lift j4 ^Jali J-i a3 i ■ J (j^J 

Y-Y bliLa (jAj 4_u^l djVya^ll J-ij-a jj AAylaJ JjlaS <Kila lilliAj E 

LuUJ Jjjiall oAA (j-a <J£j 4 ijJC. jl (lil-^jtLui) 4 ( jtlui — lib) A - Y J 

lifcj 4 (JJ=>-x\ <JD^\ CP oL>J^b 4 J Aiiia-o ^jjlillj JI-luVI jLull jjj 4<£lc. 

^laJ J (CT)jysll cjV- J^iL JjUj Phase Shift Jl 

2LaU %Xc\k olAj 4 5 _ 5 .till La£ (j^Sxllj (ji^aJlj 4 lib J£_>i (^Jc. jtLj 

. dlVoa all AjISj (Jjj^a J <jjjji^aj 

Zero Sequence 4jjL-all cj^Lull jjj-a lib Ji^ tr lt jjII jl i_ijj*-a3l <jaj 
jLIlu - lib J£*S Jc. (Jj^> ^a <_5ja]l J j^_a: SijjUl Jjj_a jjII jU tSllilj 4 Currents 

<jji_L_a]| CjjLiill jj g la £-la ^^J 1 i iaJl i ;» 1 i Lj]j — jl'i ui (J .^-i jj jLiill ' " iVj a a 4 

J£ ^ jVI oJjajJI IjIaJI <k^,jj 4 a^W^ 1 ^ cs^ Sequence Currents Zero 

. jliill O^ja-aJ ii-aUJI tllJI 

(^Jl Jiiij Vj 4 IjIaII <_Lita jj^j Zero Sequence Currents J U^jI i-j jjx^ll ^ j 

ll&j 4 OjLilll oiA (j-a jU. jVI jJI jl 3^ J-k-aljll jLiilli JULij 4 jjk^/l L-ljlaJI 
(j^a A_illc- 4 ajSj ejlc j;La2 ^jjll ^J'^J^/I <JajlaJI Jl lac-Vlj jjtli (jl A_ala_oJI jUja. jjl ^jjxJ 

.jliill o^A 
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<5> 
<5> 
<5> 



Operating Coil 



<5> 



£5 



Restraining Coil 



Restraining Coil 



Tertiary Winding Jl cj^ji ^ dJ£ i_«L ^Ua J s>Lsyi 

Zero Sequence ^ jlull ajSj* jjj-^ .-^•'"■'j j « ^ ^* ^ J 

.Jja-»ll ^ jUa-Vi cjljpl <3U ^ Current 

.Jaaa jLiill Aj£^ _)j_y^ (j^j 

i_j£j^> 4 69/1 10 kV o^-^J J-&°\ Cl!j2 20 o_p-ij Jj^-o -^J-^J CKV^? 

i_i4>o Jj-a-allj i ( Single phase) g^jJI <>> Jj-=-« Jj-j <si (jj*-^ <^ Phase 
Ja^>j]| etfil oj > ki. ^ Jjj^I A^uu jjju Tap changer under load aJc. 

.Differential Relay jl^a. aJ^Ijj AiLa. .%5+ %5- UL^al aauuj 

. J j-\«ll (jpL* <eic A nuli all CTR A-aj2 AjijS . 1 
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^ ^.liall l-ijuuII) ajISjII Percentage Slope >.u.ili«ll JjJI J-£^ -2 

.(40% « 20% « 10% 

.AjISjII jlfra (Jjjujjj ' ■ UnJ (jl 4 j£ aJ ^IjjjiM ^ jLu jA La ll l^J .3 

SK jT^Lc. 4j£aj] Input TapS (>a <t.j»^»i (^Ljaliall AjISjII jlfra. -Sj_>J i^Jaj^U 
JjijJI Alalia ^xlj ^j-Aj ' Jj ~> n\\ ^ ■> (JJJ (JjLajll ^AC. 

j 5: 4 j 5:3 ^ Ua <*.vvi m^ll ^uillj .j^kVI s^^' cr* 5A Lajta 
. 5:5.5 j 5:5.2 j 5:5.1 j 5: 5 j 5:4.9 j 5: 4.8 j 5:4.5 

ctfj^l ^ V*U*fl CTR -51 jbH! -1 

(jJtjjlall ^-i^ajll (^i cSjjIjIIj ^IjilVI (jb^' ^ 

p 69 KV 

/ S =^* =181 . 8A 

A 110AV 

jLii <_£&Lkl 3-5 *>?JI ISjLoi L^iSj UjJil ^1 ^jVl <1S j g kj LiAj 

J£ ^ CTR 4 alja. a 4-aj2 jljaJ lilj 4 4 wnMI l_i ^ ^jis. ^jjljll 
A j > .lUall L-Luiill <UlaJI dAA ^jjj t 5A ^jJj S-iJ^I (_£oilj3l Ijlij '"' i ■ ' jla 

I^jA Jliall lift AjxjaLII Clljlill] 

300 



5 
200 



j]| sAA 
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/' =289.8*— =4.83 A 
P 300 



/' =181.8*— =4.54A 
5 200 

jl^j 4 alia. «ll ^1 ol i Input Taps <^a\ J^^j ' CTRs 
^ i . .-ijq 4.8/5 = TAP ^I^YI £-« ^'iVi mi ^ it aj ( jjjjjLaJI <_gjLij ^ <Jj-i*j1 4_Aaj]l 

:<_jjLy jl^J JiWI jLull 

4 83 

/p (modified) = — x 5 = 5.006A 
4.8 

^i. a ii 4.5/5 = TAP ajISjII jl^ ^ <_ijUJI ^ fWu.nj 
4 54 

I' s (modified) = — x 5 = 5. 009 A 

0.003A ^j-l] J^i Jji«1I ^ JiJ^I < fl^i^t A^ilj jVI t laa II <^ija JWIjj 

. 6 — 5 J*s All ijj i'iIjUiA, \l (Jj^jLij j . .kaa 



To Load 



Secondary Side 

CT-2 = 200 /5 
181A 



4. 54 A 




4.83A 



Input Tap - 4.5 / 5 Input Tap = 4.8 / 5 



5.0O9A 5.006A 
Differential Relay 



CTR jLpi.1 ol^i. 6-5 J^i 
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Ikb ^^is. Slope o-o ji&i j>?.jj Biased Differential Relays jU < <3^ L£ 

. (_£jjL\]lj ^IjajVI (jJJ <x3_jla]l <jxjjia]l Jjjjill | f>'s jLuC^/l ^ji 

iIia^. -ol (j^jiij UjU jbocVI ^ Tap changer iib tP^j -ola Jllall Jc. 
aJ jLu q] (^jaj IjiAj 4 5% ljAj ^jjuaall <ajS3I J^-aj Jja_Jl Tap Changer <^a 

Sjljjll jifra (JJjLjj (jjj l£ll UaiJI 4 ini'i J i aJ ^JIjUjj t 5% 4 u.m JJ«J iaSi (jjjjlaJI 
a I laj ml (jjjLiill (jJJ (jjj^l (jl ULk^aj ' - ' ±a i 5.3% ^jJj (JLiall lAA Llua 

^ji.n'i ^ Ljjt tSSbA jLucVI lili .(0.3% Ls-S] J^j Input Taps 

(jYI 1£3I UaiJI ^j^jjS 10% (j-lj J ■ ~l Ai Lagiu JjLajll ^O-C. (j-a Ltjj i—U CT 
(jjjLij]| (jj-J LkiJI 4j_uij ^Lij-aJ (_JJ-i.l 5% Jjia. (jLal <La.Lui« Ui » >il lilj .15.3% 

-5 J^ill ^i)) -20% ja <_L>a l_luliU 11a (^Jcj 20% Jj^. J> ajISjII jl^J jjkWI 

•(3 

Pickup Jl jbHI -3 

(^Aj jLjaJI ^ ^lia Jji-^j jL" (JSl pjj La LJUi Pickup JjiJuH jLjj Jai Lai 

(jl oLut-a llAj i(4_i.tlajl o^g^/l i_llc.| ^ gJjiJIj (Jji.JI (_gjlij (jJJ (jj^l J*j) Jif*' £i) 
t ■ n luJ (jl 4 &aJ — ji_i_a (_SjLuii (_5_jjLi3l jLjj (jl (_>a>ij — ^jjIajj^/I i_J_jlaJI ^ jLjj (Jjl 
:<j]1j3I 4 aj£ll ^Ijjj^/I i_ljlaJI ^ <J.lUj 4_aj2 ^jAj t j;i«l £JJ (jjjLuU jl^-aJl !>Liijjij 

1 4.8 300 

-x — x = 14 AA 

4 5 5 

^».1C. e-Lul iIjA^. A3 J-LaJI (ji 4 (^jjtukll J-0 (j-a JJI t ^Jk ^j-jll) A_aji]l si* (j-a ja-^ijj 
^aj .jjKj tSlli 

(j]a 14.4A t>a Jii ^I^jVI s^LJI tr 3 1 ■ '-j 5 "j"' 1 «1a 

(j-a (Jil (_g_ojlj]l jlijj ^jjl^ij^/l jlii (jJJ Lajj Lili (JJaC j_g\ (jli (JiLa]ljj . jl^aJI (_>u^J 

. jLvaJI <J jxJy (jla 14.4A 
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4jj^I! ^Vj ^ liJbfua 4-5 

^151 j_rs.j]l .'Ml jji jtLui - Lj]j ^ijjiaJ ^jJ^I Jj -> nil JiJ^JJJ aJU. ^ Lai 

^ 1c 4jj-aj^i jl'i > .1 CT ^Ia^IIujI ^1 ^Ijaj IjjI ( _ s -& JjjLJI (Jliloll I allkjjoi 

Line Current jl 1 . ^1 <i^La <*-a . jti^ JSLi t5 Jt tita s^W- ^ CT j. tita Ji*S 

(jl i ■ La-l Ujajl liAj ( jl'i . .i i_ljLaJI ^ ^J,'^**' "\/3 jl-^^-aJ Lajlj l_jjLaJI ,j 

>t? jtjj| (JliLall ^ La£ all ^jjjL?. ^jic jliill (JjJ^J t ,U«'l jlft^l -^C jlilc.^/1 ^ AijJ 

4- Jli» 

d-Y Jl ^ijjiaJ J^>« 11.5/69 kV jjjJ ClljS U-La 30 Jj=>-a IjjJ (jl Ij^ajS j] 

(jjjjLJI !>l£ ^ CT -11 ^fjjllail JjJ^JI 4.1 "11 l—lLuri. l_J jlkallj 4 7 _ 5 nil I ^ La£ 

50 : up to 2500 : 5) ^ jLjJI cliy^A a^gA\ Uk. t 

•(5 

Input Taps jt-j Laic. J j ^ ^1 11a 4_ilaaJ ^1 rAi'iW <J1 jll jl ^ kj ■ ^ jI_j_i La£ 

•.^gA 4j2 4ji.L\all 

.(5: 10 - 5: 9 - 5: 8 - 5: 7.3 - 5: 6.6 - 5: 6 - 5:5.5 -5:5) 
(jjjjUJI ^ CT Jjj-a jj 7~5 Js^ill ^ 
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250:5 



69kV 



11kV 




1500:5 
1 506A _ _ a 

— f^ETT 

1506A~SS~~1 ° 



1506A 



£5 



£5 



lab 



I 8.69A 



4j*jJall CjljLull L-ll i (^A Lajb JjVI SjlaaJI _ 1 

r tA 30MVA „ ri „ 
7 7 (69A:V)=-p= =251A 

l L {U.5kV)= ™ MVA = 1506.13A 



1500 ^ ^Lull CTR <jj^ HkV ^L> J* ' CTR jLmJ ^ ^ittll SjksJI -2 

.( 1506 J] aj^LS ^ mj^) •: 5 



l;Lij jtiaj jl ^I^j (69kV s-iil?.) jiVI '.'^r^ ^ Aj^U-all CTR ■ . il ■ »* 

ujUj jikVl ' . ' jU II j^i CT (ji -SjjJljaII (Jjjljll jLu] 4liLa-a CT (>a (^jjljll t . ^ 

, Lib JUs ^ <ua CT Jl J^-p llkV ^L> J jLilt^l IkVl « ( llkV 
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line <jV) V 3 jlAiaj i— il iUll jLjj jjc AJLojii aj)j WaJI ^ ^j^aJI jW^' f 

.(current 

.CTR jli^V 



( 



1506.13* 



\ phase r 

*V3=251* — 
1500 ) X 

.(144 

^ la (5 A (j-o (_g lei) t—ajb cs^^ jW^ JJJ-° ' . '.' ■■'„'■■' <-aja]l ai_A jLiii.1 (jl la 
J i ail <K_jiLall ai_A (J-aJj • J -AXal 250 (_gjl »ij 'J.'^ti jill <jV ** „'-„'.' laJl ' °JJ laUl 

jl **"»■ *' liiU 5A (j-a ^^-a-JfUl iJ-Laa^jll ,_i ajl-lia jLij JJJ-a J ■ *-"°' LojIa LjjV \j jaj 

5j\Sj1I ^1 jjjLijll o^j <jyill gJUj ^ 150 : 5 a- S/aj 250 : 5 

Current ji jia 1 ; (LoLj s „ ^ jjacLlLo 250 : 5 A^j j 1 1 aju laj ■ jjill) 
69 kV Jl a-$». jja.jJI jLull ^j-L-aj 11a tjJcj .(jjill Iaa (j^ajjjtil Taps 



251*- 



250 



=5.02A 



= 1 lkV A$a. ^3 Jja^lljLijll jl jja. ^ 



1506*^- *V3=8.69A 
1500 
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Jl (jjklAJI ji;^ 1 ' 9: 5A csj^ HkV s-uU. J Input Tapjtlij lilj 
jlfr?. J Input Taps aj-a! <_£>=^ s >» -oyj^ Ui£ o^ 1 jW 

. a K . U I o^A Jl« jrX<J AjISjII 

cjVj^Ail^a^liJbVl^ljUi 5-5 

(^11 JSLUI ^1 Aa.1 <^aj t Inrush Current ^ti-ij^l jU aKAo t o^ja-all J£ 

.^JaLi. (Jj^aS t ■ lu.n (jl (j^aJ 



jLiil ^Uu/l 1.5.5 

S aj A_loj 8 — 5 uill ^9-=kjll S aJ ' " „' 1 (jj^-J jW^' t— ll J > nl ^jjoIj 

j-o ^ ^aj^sJI i_l1S1I Ji.ta t5 iii ajU Power Transformer tsl J^-aa ij& -1 
Residual Flux, ^ cj^ 1 ' 

^^Jo jjj^j] <X._o3lJ 4 laa 1 ^£ao II c],.'""' A-JI 1 " ' ,.'"J ' ^ a^aiil (Jj a all ^J-=^J -Ijc — 2 
£-J-=kJ jjgillj Iajj (jl (_papi«JI (jlajjllj JtilLlj ( lA.}jc. g>=^ <_s^ 4JaaJll Ifl mil 
aJ all jjx. Aj-iSUll 4 ajSlI (j^aj^jtl] Lille, ^jj Sj (jl (jl_la.Vl ,J '-" - .' ^j-S ^1 Jau ji-iill 

(jijill Iaa aJjjI Inrush Current ja Jlc. jlii tj^ u ^jlL^y li*j <■ tff jijl»ll 

^ AJlaJI oAA J Jja^alli . 8~5 Jiili J JjVl AJUJI J La£ 4 ( _ irJ JaJ_j*jll 

^ Iaj-13 Aja. 4-oj2 yl^J Jjlall (J 1 alu — 0 max sjl^ia 1 i aj3 ^l^J <iaaJ 

.ajIIc 4 ajL inrush Current t.i^m ^jj I^a (ji^jailj t 
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A**— 








V "1 


n \ 




^liiiYI jLu t ^]t A^AiJI Jji.A S jjlajall jJjti 8 _ 5 J^i 



^ La£ l^a. Lille JjiL] Aa2 4 a a <J (_>iiJ ^IsAjVI jLjj jli £_>j£1I (j-o jAjj la£j 

jLull (j-a 1.1a. t-UjS (jj^J uW 3 ^' J"',' <jl J-JC. 4 8 _ 5 Mill £yA (^-JjVl <UUJI 

. Jja_ajl Ji.b ^jiila (>aJ2 i^IljA (jj^J Vl — 1 

(j^ajill 1$j2 JjiLi ^pllj I max (^atoJI jboll 4 l^aJ J 5 j^aJ CiSaL^jj lil ~2 
) jLilll °90 A_jj|^j LojIa aJ all (jl ^ jitJI ^j-a 1 - ua 4 (j^aJ Lo <_5I 



.( /or 



dt 



^liAj^l jLjj A_aj3 4 LiB L«£ 4 (Jx^j ^1 Cj^UiJI (j-o AjA*JI A^jj jJalLaJI ijp^A jAJj 
' lilj 4 <LoA=JI ^ all Jji^ ^JiaJ jA ^j-j^lj 4 ( _ g ajlall jail ^Laj3 jA (JjVl : 

. 9-5 J£ill ^ US *!B12I <l^| ^ ^ jLdl Ija ^3 
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b o -^/S/WWW^- 

A^jVl g- tiriiM jlii 9-5 

^i';'.,. ^U^jVI (j^i <_j.ii.iaJI ' . ilSIl ^ La «;'" jj '— lilliA <jfLi Ijj dja _j3l 

<_J L£ Steady State -II spa ^ Magnitization Currents -11 ^ ^ l^l^ 

. 10-5 JLill 




172 



jLili! I Sjjkk 2-5-5 

(JULal Aj ..i jl jj" ^^Jl (JjuaJ A5j ( (_]■}» u£ll ^-jl-^J ^ la " J g SaJ (jil jLull I^A 

liA (j^l ( (J all L-jjuia ^jUjJall jliill <ji« (jJ^ic. Jl J i aJ (Jj ( ^^jujlall jl-iill 

<_5j^ JjjiijJJ SJ ^liijVI jLu jl A_L-aU. 4K mi all (jjiLjf (jjjj 
VI J-aJ V jbjll lift jl L$J&>\ aKjUI (jSLlj 4 S)j2lj1I eiall ei* <_£Lk l*J>^ J 4laj2 
i_ljL>]| J jxj Vj ' j'^-ll Jc. (Jj-ajJI i_ljL>ll jAj ( laSa Jj^ all JljjjVI i—ljLJI J 

Magnetizing oVj^ alU aj SjjIaJL ^ « ■ h j La JDLa. j-oj <jV i cSj^' 

.11-5 J£^l J 'Circuit 



VAAAAAAA/ 
N:l — 

, /ww\ 




MAMVVW\ 



t 



Ip ■ Primary current 

Ip/N = Ideal secondary current 

Is = Secondary current 

Ic = F.xciting current 

lc = Core eddy loss current 

Im = Magnetizing current 



N = CT turns ratio 
Rc = Core loss resistance 
Ks Secondary resistance 
Rb = Burden resistance 
Ls = Secondary Inductance 
Lb = Burden Inductance 



Jj^aU ttilLtll SjShJI 11-5 J^s 



<-ajkj t <tr>J Ip (J>a-all J] <Ja.b jLij lilljA (jl cSJAu ^jik^aliij 4jl2j jig-?. (_jl (jli JljlLj 

Differential 3 la Jjj Jj -s all J=Li. J uai <-u mim ll&j 4 I s ^jLaJI jLull qc- s>jj£ 
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ojAliall oAA 1— Uj aj Lajlj ( La J jaC. Aj^kj ' . U ■ [J i ail ^3 AjV £^Jala. tj' J*J ' Relay 
(j-a Aj^/ liA (j^ij .opr'J ^P 3 SaIc. ^aWi,„ ^^illj ' CllVja all <J£ ^ a Aj^kjJI AjajjJall 
.yjlaJI ojliil oAA <_£>Li. ^jlijll jl^a. (Jjij^J £ial ^ijp 3 ^ j;<«*ll 



£l^Yl jUi t-u^ c^^ 1 iMll J> 3-5-5 

: ^UajVI jlu spa <_£Lk Ajla jll ij^J JU'nil ^ial <jj_>Ia Sac. i^IUa 
« ^Ijj SaJ AjIsjII Jji«i JjiJall 

(JaJI IaAj .<_£>i.l o>a IAjAjxj p i ^UAjVI jtu ^(fV^ij <LaA=JI ^ Jja-all <Ja.Aj ^jla. 
(J j^.A cAj c Lul ^ ajja <JJaC- ijl]jA_a. ' ° ^ i aJJ A3 ASj S^jj^ ejj Saa 4_]3 Al3al mj ^ 1c. 
lAA IxJLlmj IaIj <13ax-a 4jl5_aSl ^jV ijj^ all ^1-aAj ^3 Ia& L_liuijJj <LaAiJl cjj^ all 

. La Leu 

' ■ ' «<*- 4 opi] jll jig-a 4 J ml ni-s (Jjlaiij lilljj Sj^jaa <J3I iLpaJ lilli pj ULii.lj ♦*♦ 
Op. ) (Jji-iSllI ' ftLa £_a ^ Ic. 4-ajlia (Jj > ^-i jpj (ill A jaJJj <LaAaJI Jj^ all <J>=-A 

si* dija. 12-5 JS-iill La£ Operating current <j >aj <_sill (coil 

Vj JjT ni'll ( aid jLall jliiil (Jil ^jUilbj ( JjT ni'll jlij qa (.j^. <LajlLall 
jaJJ (jj-o^tj lalj £-a Jljjll ^ !<*- <J£_ijill La£ 4_L_a^a 4_ajlLa3l sAAj . jUj^JI (J^aJ 

•Under voltage relay ^Lk^ l^alcj l^la ^ f ^lll 
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VT U.V. Relay 



Relay C?> 
R 



ntact 



Op. Coil 
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^liiftfl *L£l Differential Relay a^.L^ JJ£ 12-5 J^i 



Jj -s A\ A^a. jli Inrush J>aj aJU. ^ <J tj Jt a*j»j ^1 Ml ligJ aajjLuVi Sj£illj 

^liijjl (Jj^ »H 1 n -s afta jj i a3 (JJaC -\jaj 4JLa. Lai t jLiill ^iijjAm Lajjj t afta Ij 

(jjiaj Under Voltage Relay jU ^LaAiJI <> Jja_all Jj-ai Ait JtjlLj < jLull 

(j-a 4jiaj ojj3 Akj (jji^Lill ^^ikkj pjj Short (JjiavLiII u'^*' a ' ~ .' ' ^ (J^aliajL 

4 unl m-\ (J-ilaj 1 la 7- j AS3 (j-aj t ^^Jt-ifhll A$-aJI 4 ajSl <lj l ,-i jj <LaAaJl (J j^ all ^Jt^J 
J!>Lk A-jl la . opjlia 4_aAall J j a all £-j-aj ' . ' °»"' ( _ s -jll 4 jla)!! spill <_£>La. jL$-aJI 
<_)a.Aj V JLjILi j 4_ajjia (_jji«!)ljJI la ajj ^ *jjla A^aJI (jj-^J A—utJflall (Jjx-iijll L_aj__)_h 

.4-aAkll ^ ( _ s *jJall £jJajll ^ A-ojlLall 

2 nd <_jjllll <_jaalj^l ... I J£L>Lall oaa J^J Sjjg .Ul Jj^kll j-aj ♦> 

<i jjo 2 nd Harmonic jLu^l Mf^j --MM jL^a. Jlilwl ^ Harmonic 

fj-a 4_ajAll aA^j j Aa. ls A\ A-iic. A^lj ^liAjVI OjjLij dljLujl (J-llaJ Q-a 

A nfi Laiu t jLiill 4 « jS < _j_« 40 -50 % (j-a Ljjj mj (J i aJ (jl (j^aJ ' - Ua ( CjLiaaljjll 

. %7 cSA«2 ^ AjLSa II JLktVl <3la. ^ Ajaaljjll sl% 
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jLij (j-o 2" Harmonic A-aja ^!>Uj_j^ (Filter) £-4>« J-ac. ^ Aia 11a ^jJtj 

Jliu .til £ia ojLSI JLujjI (j^aj - A_iaaljj]l oAA A_aj3 tJ Jt elijj - liLli Aju jjj < ^U-lj^l 

: 10% o-o ^iLa 2 nd Harmonic A-aja lil Blocking Signal A_Aaj]l jLjaJ 

4 ■> p QiijJ j i ^liljl jLij jA £-ijjJI jLjjII 11a jl ojjj_Ja]L ^j-ixj tSlL t 20% 

. CB -11 Blocking J*c. i-jsj II j t Jkc. 

4_iljjll y 37- 1 lil^JJj t ol& ^ Lall ojLil (JLujjI jxi-i jjJ lA sj;t ..-1 A_ajk]l ' " ' '1 S II Lai 
^ i^-^J ' A-jAJiijll ^-J^J^I A-al. Wu.il jxli i_JjLjjV| 11a (Jlaj . (_Laatll ^ 4j>^I 

jLiaVl oAA llfllj Aj > ii J A-kaj]l a 1a ^ -Lis jj^S ^Ij 4 AjjAaJ A_Laiij]l AjISjII o>^?.i 

. ' " 'I (JJA 

l_ijxj]L j (Jj^asJI Ajl^j lllt-aJi/l ^j*" -*■ > kl^oll oj_ajiia (jyi.1 4ij^)la lilLft j *♦* 

Sympasatic Inrush is jl jSll ^ Ai-aj^l cjVja^l fUijVI jUS 4-5-5 

tjj i ajj j . (jjljLaia LjfL] j>J La (_gjljj]l ( _ s -lc (jjjj a a (Jj i ajp S aJ *^ A_:l i_ij__)jtx]l (j_a 

Inrush Currents j Jjks aKA* iilL* t cjl£^ll ^ £jLi jJ ijjj^ 

.(_gjljjl]| t^tC jjjj^-a (_L>-ajJ Ait jfl laJ 
4 13~5 JS-iill (^-2 La£ aJU.aI Aj^j j^VIj 4 A-aAiJI ^ Jjlj ^ all Aaj jl jVI (jipiil 

(_ijjiJI Lai .,H/u.ia jjt Iaaj Inrush Current <— >* ■ ■ AJla s a AaJ3 ^LMI Jj^a 

J-i.^1 _»A A-J J-aJ l_ijjua A-aAiJI ^ <jl£ ^Ul JjVl Jj ^ all jl >«i t J-aVl ^ 

jj^j <-aALil Aj^jJI Jj^all ^ ^UajVI jLij jl A_lia^La ^-a .Inrush Current 

j& lj U\ olft L\A ( £ A l.^-i j^]| dlVta "^1 ^ ^liAj^/l jLij l^b iall ^^iSI lilli jj^i 

J^IaJI J j ^all Inrush -II jLij jl dj ja. 4 U nn* oj>j^»j jLd' j^-^ ("-^ o^is 

Aj lu^jlII Aj uulL g-jj JJ3 4_ajlLall ^^-Ic. OJJJ— a A_su (jjjjljJLa (jjjLjaui A_aLal A_aj A aAaJ3 
<J£jjj J3 laJ 14 — 5 J^jillj . A^iAiJL LuLjjI Aja.jJI Jja-all ^-a SaJ JLlLj ' CjLajlLal] 
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JSJill ILL, o ^1 R A^jlUI J^U IS M jLilll J£Js ^aSj I 2 j I x ^jjUilt 

. 13-5 

ll&j . (j^ajLt jLu <iV t Sympasatic Inrush aJUJI i>aa ^ ^Isa-WI J_ij ^j^jj 
oL£ lit VI ctfj-a-ll Differential Relay Ja^2 Lkk ^ ,.n jl_dl 

4_iC.^j]| aAA ' ■ ' j^Jj i al .*'C\f Jj^la]| f^ya j ( L*_a (jjlj-a all A^lj Relay lilLiA 

J£] Slj^jiia - Laj -I v^" ,„1 ^ (£)Ija1I IS"^ 4-L^jjJI 1— iVaAxIl ^ ^UAjVI jLu <>a 

J-jIjA ' "„' ' " J^Vli L*-a (jJj-a_al] A^lj ^-jl^j aUaj al l^lml <]L Lai .s^ Ji^- 0 




^ iLajJI tliVja-»3l 13-5 J^i 



oA_ajl jj-a (Jjial oA-aj ajlj «'i > uLi (_gjljj]l ^ 1c <j£^a]l dlVta all <ULa. ^ ^laAjVI jlii jj-aiij 
,_gjljj]| tJ Jt ClV>^-a]l AJU. ^ji sAaII JjJaj t iaia Aajj Jj^i-a Ajjs-j SJU. ^ UISjj ^l 

<il i_i jj*JI fj^a . Aa.lj J js-aj (j-aUJI tSlli (j-o J jJal LgJ Time Constant Jl 

i '«*■ R <Lajlia JIjAII ( _ s -lc 4 1 1 a j a Inductance, L (3-a 2 ^ oplA Jjlc. lie 
: <1aIxJLi Ajc JJAJ ojjIaII sAA ^ ' ■ Ija ■■'"N jLull (jli A^aJI 1 g J3 (jj^J 



i = ^«^ ^ + . m sinQ + 0 + 0) 
0)1 ^R 2 + (coL) 2 
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sa« ^xj ^jiiij jAj DC Component -j ^-sU^I «iA JjVl ejaJI <-i>*jj 
. Time Constsnt j ^j^u ^pll (L/R) ; Uia i-iajS 

jii^all Jj^jj Exponential Component Jl -Uia jU SliUJI 

(^11 Ajiojll 0.1*31 CjjjS UK ajm,-. L U1S Aj) .S)Jj£ " t " Ulie 

.tA^ ^^Ic. (J£j <A-aU3l L (j^i ji-k-al UJ^ U#3 




<jj\j& (jija-o ^ ^U^l Oljlu JS^ 14-5 <_&3 



ctt^t J Vector Group -11 6-5 

JliaJI Jjfjj t5 Jt t jjjELala (jj^j J£ jji 3-Phase -31 Cj^^JI ^ <j] L_ajjj<^3l ^ 
jji L^*_jaj ^adll \jc jj^IjII >— LiLaJJ Phase-a j ^.ijjYI t.i i\->U Phase-A 

. 15-5 JiMI ^ US j^Ij 

j-a tSSJj aS'Uij osfiUJI <_gj\_£j Phase shift <».!& jjjUJI Jiill ^ ik^V 

. S^laUa3l 

(JiLa fj*a '"jj - aj dlV^a a3l ^ 4jjj\j3lj CjliUI (Jjj-ajj 4i£)la jjt jail o-llcj 

^ <L^ijj3l ^ jjj j^iki Ullcj . YY , dd, dY, Yd: 5_jl\2lt J>k ^3l 
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^jajJI Iaaj .Vector Group _j L» ^aj 4 Ia£aj dYl , dYll, Yd5 Jli»ll 
Differential Relays ebl <^_^> jL-jal U^j^j t.i->j ^pll aj^Lj^I Jaliill jii*j 

JJI Phase Shift J li^ UJih 

: AJtill cjli^UI JH. 

J;; 1 t5 Jt Y LaA^ — Jjj^ajpll 4ij>la (jaii 1 (_Jjjlj3lj ^I^JJ^/I (jjjjLaJI <jl£ L] .1 

Jlo ^UjS/l r ^'...-* (jjjiai ^IjSjVI i-itia.1 lij U .liSAj YY2, YY4 
^Qiai Y J o- t 1 ^ ^ o> ^ -I^aj dYl, dY3, dY5,.. dYll 




C 



3-Phase oliUI lJJ <L> 15-5 

aSj J£ (jl j 4 16 _ 5 J*smi1I ^ L£ at. Lull jj^ ( _ s lc ■ "»"< ja tiLkj lij .2 
Jtiall Jjj^ ^^Jt -^j-i 30 yii Phase Shift >ie ( _ S -£VI acLJI ^taj 

L«i 4 Jjja-all ^la. oliLa jjjj a^jj 30 Phase Shift ^s-uu dYl 
ojas Phase Shift yLSj 11 ^jJIj 4 o^jUJI oh 90 <^j«j9 dY3 
.Ac. Lull t— ijlaft aL>il ^ji (_>ulai liljjll ^=»^^-a ^« . I.i£aj 4 A-^p 330 
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16-5 J^i 

ojA3 Phase Shift ^s-uu iH« Yd5 a1i^>jj]I jl jVI Jjill A^ljill i>aa Jic ctuj 
(jii AjjIjJI i-ua. t dYO : J£j£1I L_uSia 15-5 Jiill <^a 4li^Ji]l LI 4 4^.1 150 

Overcurrent Protection ^iJa^-b ^Vja^Ji AjISj 7-5 

J^i J ■ aall lift ^ jVI tJ ii. j^ia La£ CjVya all J ■ aiVl ^ AjLaliilll lj] 

?^ Overcurrent Relays ^l-i^U jj- 1 iw^M oVj=>-aII ^ 1$j di&VI 

J JLktVl Jit 4 ^LL^ll <J1J\ Igi. frffi V VUaci cSSUa ' V =m!>?4s 

q-o <-jejill «1a (JJlaa . Jj -s «1l m l_u_uu iS ji\ Over Loads SAj|)ll JLa^Vl 

Ansi Code ^ W4;j .Relays Overcurrent fl.^lu.L VI <■ L££j V Jlk&Vl 
Instantenous OC Relay oj-^j ^ iw^ 1 JLkcVl jl US < [51] ja 

.17-5 Jiill ^3 (jjjWI Jfr^iS ' [50] jA 'LaSjj i LLoS ^ gjia.Vl 
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50 ( 

51 ( 



T T 
T Y 





LV 



OC Relays r biS-L Jja-ll ys, 17-5 

^ t_L£jj ^ill OC Relay -B J ^as\\ L_£lliJ sLtl^ Sjjj-^a ^1 ojUii^l ja^j j 
g^Jtfl jj» jjS^ jl ls^Ls LV side ^jJI OC Relay Jl HV side 
Jl c^Uh OC Relays -II »aa Jib ^ <> ±<fo\ <jll . 18-5 <_&^l L£ 

.Inrush currents 




Current 



18-5 
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Restricted EF Aikui ^bjV) ^iSjii 8-5 

J ^jLkJI Overcurrent ^l.vvi ..il ^j_^aj a_JIc. 4_ajtLa J!>Li. Jj^_a3l o^i)^ cs-* 
(jij .1 Liaikia oyL La L3Li JLkJI jUj i_b^lia jjt ,_jjUJI Earth fault -11 fhVu.il 
La 

. Restricted earth fault Protection j <-ij*j 
EF —II (_3>_i=L3 S_jjlLi 19-5 J*s .'Ml j a kj ^^1 ^LiLdJI si^J aj-jjUjjVi o>jJIj 

Jib JJaaJI £j j lil ^1 jl^JI J-«J ^/ ALiylJI eAA ^ 4jl ^ A-i-lJ&ll protection 

<_5^UJI EF - iiU j] 4j| Jaa.V .CTs -SI ^Ijaj U^j^i. ^Ij .Las «]| 4lkia3l 

. li^jli Jkx3l j3 ^jii. jl$-=>JI Jut-mJ ^ t . cs^-^jl (J^ 34 - CS' ol* 

jLu3l jU (19 _ 5 JSjill (^i Fl Ajt !>liLa) 4-La^_a3l Aiiaiall gJjL JJaaJI djA^ jlj 

JiaaJI LujSj cSjL^ Neutral -31 £>jb ^ ^jJI CT4 J^U. <> j-a^y ts^' 

(jl i^ljlj ( Jiax3l jLu <-aJSJ 4-jjlia CT-2 J CT- 1 iSJ^ ^ J- 4 ^ *— ^ ' CT-3 

IJ1J\ jL^ Jib jl_il3l gj^y^ CT-3 ^ jLdl <>L»5l o^ 1 ^ CT4 ^ jLdl *UjI 

Ait) 4_La^_a3l 5 alala3l Jib JkaJI dj^i. j3 Lai .4j2yli3l JUatVl AJU. ^3 Iji^a (^jLuJ 
J!>Li jj_a ^-=yJ (_5-j3l L$J-*-^\ ^bW^' A-C-jfl-N « (jjj JJJ^ liiliA ( !>lj_a F2 

Jl JtiiSN ^ ^ « CT-4 jLJI jLu3l o^j 'CT3 + CT2 + CT1 

. Relay 
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CT-4 



F2 



CT-1 



CT-2 



CT-3 



Restricted EF 
Relay 
I 



F1 



oVJI J> Restricted EF Relay flmJu U**l\ 19-5 J^i 



(j-lc Stablizing Resistance jjljj 4-ajlia cjiual ^aa CT4 J £*.\J\ jLullj 
^ij-aj a$»JI j^^j ((jjUl Jiiill ^aj^j^ jjt) EF Relay £-a ^li^l 
<_si]| Voltage Drop -j apfol tdtaj < 4_ajlia]l 4iLjal a«j j* Relay -II criA 3 aw 

SJLaJI Lg A fjXma OljUilll sAA jijLj ~ ; i «olJ JLjILij ( UUi i «al ^j-jll 4_ajlLJI u ]c j g la 
jbj A_aj3 ^LiGjV A_ik.b JUaC.1 djjA^ ^ 4_ajlia]l si* jjjJ jjJ LajjJ 4 4_plx]l 

,jj£i 1 ^'»;:^-; ^IjLi^l ^ajUJI JLktVl (^i Lai .(j^Sl** jlij jj^j «jcj JLaJI 

^ « i in li]j j° i a I fr&axa a (jjjL}3 sLsjVI 4 alia aj jL^aJI <_Lil.l 4jjLuila 1 g j£j 4_j]lc. 

.High impedance EF ^jlLJI a^A 4iLjal j»j jl$aJI 

jxJ lil 3-JaAj ^ 4-lbutJ ml jj^aj V 4_jl5.ll J-a gjjll 11a jl ojLi-VI jA->J 

. (J-llaj 4 jaaj (jjla-ll (_pajjtj (J a (Jjj--- jJ 
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^Vj^-^l JilJ c5 JjaJI ^Ij3l! 9-5 

j^J ^jjlillj ^IajjVI ClliLa ^ l^a. ^IjLjJ L$l!&a. J-aJ cS>^' ' " a " 

.ClAalall oi$J Jjbxll jljjjl i_±^njj Jj^_all Ja.b ja£lj2 V tJ J». JjLj Vol U^)Ja 

blj 

; l^laS Jjp all a Una dlVja all ^ IjJjlU 
( iaSi i all ■ " 'Vj^ all ^- 1 1 aj b*) ebgJLj ^jtJjJall A£)ii]l ■ 

Forced Air Cooling ^jiiall flj^lU ■ 

Natural Oil Cooling <->i)^ ^'.'.'kll ^y^l ■ 

Forced Oil Cooling ^jiiall t-ujJL a^I ■ 

- aill jj^i IajjCj 

i Jjp all <_)i.b i^Jjjll ~ 1 aJ dllajJax lilliA (jjS SjOJ^ll CllVja all ^ AjatJjJall <Jba.VI 
^1 ^>^) ' 4-jla.l.lll dll alall ^j-a ojj^aJI (J aa jl 4 al» a yjb 4.1a,b oji JJ-\) AJxajl 
Jjkb djjll ^ajjj 4 jj?JI OjbjiJI sl& AjJal (FANS ) 4-JjljA £jl>a l^aLal ClbjJ^i 

. l$j <_Jxa. ^jiSI ojbaJI (j^i (j^alaJj A9j 4<lU «ll <Cyjb 

ctf >A ^J1 ^1 du jil r tJiiyit 1 0-5 

jj (Jj^ 3 - 0 (J-^ ^ f ' ^rUr^Ls <J>*^ CllVj-a-all (_j-3 '"' £)11 Aj LuLmVl 4 ajjajll 

^ Ic L_l£^a ^ i aj_a*3 (jl)- 3 " ^?Jri ^-"^ ' (Jj-^-all 4_J_jjljllj 4_ul.iijVI '"'^ alall 4j j_aij ^ mJJj 
j ,} fl "\JJ ' S4>^' (Jd^ 3 0*~ la ni/jjll (jljiJlj (Jj-aJJj . (1 — 5 ^Jj ■ all J-^jl) tg nnyll jjljiJI 
Cljjllj ejla^i ^ mJJjll jjlj^JI (Ja^ ^ jAj ' AA-aill ol)^ cs" 4 ^ .J 1 ;,"''"' oA^.j AjajJ 

Qjj (J i aj A3j .Jit ji-JJ JJJ^a 4 a-jlj ^jjjl a^jVlj AAajll <j-aj3 jiL La« CjljjVI frj aa 

dljj <LLaAl ^-ajJ I^Aj (jla 360 

Ajc. VI J a ill Vlj i I lia Vjlt (jj^J (jl l^aAl (j^i A .^-il-a. dliL-alj^i <1 dj)]l b* j 

(J£ jj^i jaJoVlj .Cjjjj^IIj (_paLaa.VI i^y (JL^ ' 4-ljbjjill i^ya (Jli jjj^Jj . Ajllt 
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(^j^Li^ 'j aa a . ^. I) Aa^£1\ A i\ aa II ^laj 



(j_jjia (J^l s-La o.la.j (PPM) oA^jj jj^liij (_s^J iA^jl^jW 1 . ^Q-^ "i * CL?^ 

(J>C- 'V 4_ial£ s-Lall j^i ajjir AixLi jl ' - ua 17 PPM ■ aSI Aaj Clljj oAaj 

.(Jja_a!l 

Buchholz Relay ^^JL-i 1-10-5 

i— iVaa all ^j<i-> iA\lAjj AS3 ^j-akj jjA (J ail J C Lsjll <Aa£ Lg lc- alia II 4a«aV |>^H9 

Bochholz <_5-«-"y Jj •> oil jj-jj ^ i^-njxlll Cij)]I <jl>a. jH ^-^-j^I ^ 

. 2-5 ojj^JI (^a US Relay 

' ■ U •"yyj Jj^ all CllULo (_pLa. jau.i Lille. Ijlii jli SC (JUaCj/l 3Jla. Ajla LojaCj 
4 1 1 afl ^jj jl jjA Ajj^ia oA_a (J taail lift j<* ml lili t '"'jj^ "t)!^ ^-r^P tyS J-'.^ ^liijjl 
JLaJI La£ S_u^£]l OljUj^l (^Jft Oamj ^1) Jja-alb A-^L-JI AjISjII jjaj 3 Luiljj 

^ tsiij ijiiA A?j i oAii; ^jLj Jja_ail bjj*. jla 4 (Differential , O.C , EF 

.dlVya^all Jl Ajlijll s)$^.l <j-" J*' fc£ ^Ljal j>2 lilj 4 J_ya*all jLaijl 




Bokholz Relay jli» 2 

ej^. (JJa^Llj t ja LiUiai oAjlj (Jl o^l dlj-la. <Llla. ,_i 4jl jLj.aJI lift <j\«C. s^3j 

jlAjj ojjIaj A 1 1 aj a ^jAj ' AjiklA <^>l_jt (_jJc aa 1 aJ j dl3_jll ^ aaJJ Cjljlc. Lajla 
-LajA ^ ^Lijj^lj i l_)_u£ JJaaJI jLii jL£ lili 5K jAljj lilLjA jl J;t LtSlI (_>uAj^a 
^lij jajSiia i Ajj^j A^a^jC la« i iaSj ^3Aij OJJJ^ ^_La£j dlljlc. gjluifl c LJlt ojl^aJI 

ajjJaiJI SAiAjjS (JUacVI AJLi. ^/l jiij (jJ IaAj ( A a l^JI j^ 'i^jiLia Jj a all (J i afl "ojjIa 
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Jc A_aJXJ Ajljjll (j_a £^jA1I IaA . 4-aljxll ^ 1c. j"^ lax-Jaj dljjll JJJ^ JlaJ I ■ Jillj 
J-JC- dlLjlijll (j-a 4_jl ^_Cj — Aj LulmVl dlLjlSjll (j-a ( Jl ia&Sll (_gjlj_ajl jiiLjll 

.o^jjjlia (J all (J i ail (jl 4 j£ aJ 4j}f ~~ AjJj^ll 

Over Flux Protection ^ oM« ^ *Aji» 11-5 

(J i aJ A3 Ia^. LajJaUj all aJ all [jA dlLj" mi <il (j^ajajj (Jjp all (jl L_ajjxJI (_j-a 

AAplI £-a Jj^ all ^ "j^m diljjlL (J_l^j Lijl L_Sj__>j<_a]l (j-aj .^innll Aa. Jl (jLa.Vl (J a» J 

' . ujoujoiS ^iiSill A&. (jc. (_>ajill Alj IaU .%10 JIj2>j ^ajuSII Aa. qa (Jal 4 kaj Ait ^^xjaUI 
S_iaja=JI *\y*H\ J£ J Eddy Currents j ^y^y La jj>a SaL) J JUI l ja^\ Iaa 
^ijI^S J£»S Jc. (jj£j Core l_i1S1I Jla <jAjAaJI e])^Vl oaa u^suk iaUaSj 4 Jj^ all J 

1 frj ajS (Jjliijj Cjljliill sAA 4_ajlLal 
jLaJ V Jja-all 4laUJI <^JJjll 4-lAjAaJI ^jljill lajjj V Jja-oll J <jjAx^i *l)aj liltjA <j£l 

jl (jioj 4 SJlc. ^ Jl l^jj eddy currents <-ai J^i JUlLj ' t> Cu^ 

4 1£ uj all oAA ' . ' ''?"^J . lAj-kJi£ J ' . UjJj&j i f.\js^\ sAA Jt 4 J i aJ iaU»^a UajxjJa LuiSj 

.L^J ^oauiaII jxlill (j£ 4Haj3 CjAlj A3 (j^ajill (jl i al .*'C\f <ilj]a Jl ^tiaj UjU 

(j^iill jl Jc. Ljjjia J a^aju jillj Volts-per- Hertz Aij^L Jj>yi oaa ^a^Ij 

(jl (_jl t AAj^ll £x 1 L-lml IJJj 4 Al^Lall dlljill ^a LlA^ia ' ' ■ ^ "J 

ma — 
F 

:<ijj*JI SJaU^II qa \ i aj| SijLJI <a!>L«JI ^l'Vt...l (j^ajj 
V = 4.44 N(^F 

((_paiill ^_a L-l ml jjJ 4_j<a£ (J-^W^ yj ^ ^ ■ ^ ^ Ix aj jl^ j'- J all (JjLjS (j^ aJ 3 JLilljj 

(jl liLlA (Jx^a sAAs_a A_aj3 (jc j'-j'^ IaU i(V/F) IoAjAsJI A_LaSll sAA -I ialuib 

(J i a3 J3 t Ia^. A-illc (V/F) 4_La£ll ^- J i aiij iafla Ij i a AAjjII (jlj t ^jijjj m A^aJI 

.(J_aa-a]| 
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eli (j^aljllal £-a <LaAiJI jj^i AjjjjjII ^J__p- . oAaJj oAa._j£ UJ^ — Alkali 

j-a <-iu>i3l jrjj^ 4 J-uu JI>j V ^ ( Voltage Regulator) A$aJI ^JiLa 

' ■ 'V'-' ' " 4jt3j <Jjlaj_uj 4 a la II i (Jlj-J V f_s '^i\ l^aJt - laj a ^j^l ( (JSj ui Jlilljj 

3-2^p ^jJJ alj'u.ifl £-ljjl A3 (j^aAall (jl olia-a IaAj i 1.1a. j;^"' lu (V/F) 4 1 mill <jl 4 jlc. 
(J-aa. J 1 lil dj (jl (j^aJ *U£ ■'■'"H (_>uij . LaLaJ o.la.j]l J 1 1 ■ ' 7- jj ( j iaaJI 

■ Ag^Jl a^alx l_jLio ^9 A Jjl a S ' 1 
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USjll bj^sS JaaI; <jU (Jjs1\ 4_«j]ai« j^alic. j£ jjlJ jxA^I jA jl_j*3l 

4 A-uIajVl JUatVl .AjJaj 4 jLull S^ljj AjISjII ^IjjVl e^A (j^S .U.H*Jj Ajk. 

LgJ (_pa^*j]l o^A i_l]c.lj .IajjC-j 4 (_paja]l jluu JaS AjJa Ajlijllj 4 4jJaUa> *<l jl 

Ajt <_s^J tlll^l jJL) A_k-aliJI JaLsjll Jaia LiA ^j^ajajluj hj£3 <Lajlui Jjjuoj ^ 

.UjLu g-ljjVl o^A 

Security <_jj-atill <^ ^ Sjij oUjJI ajISj ^ (jSaoj jl ■ . iao ^1 oLuJI ^1 ,ytij 
a^jUJI JUatVl J 4 ^LkUl JUatVl <JU ^ VJ o> V JjJI (j' i^-i ' 

Lojj 4iU S-ajJI s^a AjISjII j»Uaj ^aa tali 4 l^i^ai ^ji^l AjISjII h>^c- ^1 

J] Sjlja^l) liA .^b (jjj A^iaJI ^Uaijl ^ S<»,MI ^ Jiac. ^1 J . 

Reliability & ^jja-Vlj ^LpUk-VI Ju Ujaljj <jA\ <_sji.Vl oU^JI ajL 

•Selectevity 

. Ajlij Jjj^a (jt -KVt jj| (JjS 4_j]ti]| dllavL all ^2 jl , 1 j o^Ljiuj La jAj 4 

^bdt t_us jsii 1-6 

Rotor and La (jjU^lJ jjjja> q* Synchronous Generator oj^j 
Jjlall L p a jili ^Liia 4 jjAia S£j^JI aaL«j Rotor J.^in diia. 4 Stator 

jLu l^j Jjiia 4 Stator Jib cjULall <js 
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<_5ji.l <jaL^j jj-alit iLl&S J] ^tiaj AjLuJI sljaJI Generator jU 4-«lc. Si, 
Exciter — Permanent Magnet — Automatic : <=a 3 a^^,^ \xy^i 

.1-6 JS^JI <_si jaLL ja t Voltage Regulator 

^ji-aVl JjJIj Sjjlia Luiuij jji^ 3-phase generator Exciter Jl Lot 

jliij t (cJjs 500 ^j^) j>ajaax jAj t 1-6 Ji^l Gen-2 -j j^jjj 

(j-aUJI Shaft Jl o^ij ^jit j > . ^ill Jj^ll 11a ' (j^ 5000 ^j*) ^ Jtc- 
DC jLjij ^I.^Vl JjJLj (j-aUJI Field -II ja -j^l ^l.-oVl JjJIj 

I^js ^ijJ Stator -SI olila ^Jaii ^ill ^ ..^Ulu J\ q -^M ~~\y-< 

? 3-phase J>« ^c-j Exciter Jl cKta o-° DC jUi ^Jc J^^aj i_sj£ : JjSM 
? <j o^liJI Field J Jin J* " Exciter "J 



PMG 



Exciter 



Permanent | 



Magnet 




Rectifier 
Unit for 
PMG 



Stator of 
Exciter 



Rectifier 
Unit for 
exciter 




Field of 
Exciter 



Main Field 



Main Statoj 



Rotor 



Stator 
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J_4t Exciter -Jl (j-a aJjIJI 3-phase -Jl jWJI oM <-l/^ Jb-^ aj-^L 
Jjj^j oa^.j tjiA 3 6^ jLj t^j jLu a-° <3 Rectification 

.Ajjwall <Ja.ta 

^nMI jll ^ Exciter JL ^LJI Field -II oliLa jli jliJI JI>J] iUuiJL jj 

. jgluaV I a] ja]I (j^i lAjLj Jt <Jj-aaj 

La >Aj 4 Exciter -II ^lill jLaU IjUaijl a»j J_a*JI cAjj ^J ^1 .^<Vl aIjJI ^jSl j 

.?4a.L>A]l j»l S , iajjll *^j| ^U. (j^i : ^LajAall ojjjill 

jAj t Exciter Jl JjS jiJ 3-Phase Generator -j CiIaIjJI ajJj SJiAJI i>aa JaJj 

jajlj (jjLiLljiAJ Ajjpa jtJ^iii ' ( d]j3 100 Jlj^- " ^ T~) I aa a <ia jxj-al 

(^i Gen-1 -> <J >ajjj ( PMG -j aJjJI Iaa ^^a-uuj Permanent Magnet 

PMG Jji-J^j *A_J (^JSj Ujuulali^a LjajS ^IaJI (jiiLLiiJI lAA Ajjj dlja 1~6 J*S 

4 a ikj ■ ■■■^ <£jLji« Aja.jp SjjIa 4 la . aljj oAjajj jxli 3-phase current i a <_5aJI 
. Exciter JL; 4^UJI Field Jl cliia 4jAili ^jiJ Exciter 



Jl 



sAja.jj IjLjj glii ■ a ^aJI Exciter -Jl <_sa*j <_^iJI PMG o-a IajG 2 jLiSLij 

aJj-JI j-a ^cjLJI jLiJI jl ^Jaa^La £-a j ;;<ti tJ L-a^l Ajj-al] Field -Jl jLu >& 0>M 

^aII PMG o-a Vaj Exciter -11 Field Jl oliLa <Oa *ja. (j^.^u., J^Vl 

j^Jala j i^alutll oA-fr! ^ LSall JaJJI Lai . L*-Laa. <j\a.l^a]l sAA ^ all 1~6 JaJJIj 

• 1 — 6 OJjwi-a]l 

Automatic Voltage ) jAj aja^, j^^jc. Jl jrLaj liila ls *^al\ JjiJsill s Lu1 j 

Oljjij L g\ illjAa. Ait Aij-all i^Jal Ait AjjaJI ^ ^; ^iSI Regulator (AVR 
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A±\ Ja\ J-oJ! Jjjj 3ajLU! SjJaI! ^ 4ibUJl 1-1-6 

IAjMI aLUa]I IfraSaJj Aj J. alall Load J aa Ijj jjj^ll lift (j-a o^jJI Oj-lall Jjj a£>Ix]I 



P = T x a) 

P: Mechanical input power 
T: Torque 

co: rotor speed in rad / sec 



(J^aal o^ljj .Ait aJ 4 CO A!ij\j]l Ae^ui .Ajc. (jjJjLuila ^^fLljl^LaJI j»)*^J (.j-iM-^ 

(jc. U%j 4 Mechanical Torque qa j&\ Electric Torque i_?i>^ 
^jji (Control System) 3 i-i.nljj At^uu AiUi&l *h ac^JI ^ <>aUajJ lilli 
Feed Water Control ) a^UJIj *LJI a^ j^jll ?Lu^ J£ SjLij JLyL 
jUJI Aio£ -<^Ml ^La^a U^ajlj Aj^lill jjSI oU* a^loS Jji. J (Valve 
^Aj (Forced Draft Fan) ojUiVi (_>«i3 JLyJ ^ L£ , (Governor Valve) 

jl^jj j»J (j^ij ' Jj3_j]l (j-o JP^I Aa«S (_J_j^Aj ^LojJ] c-l_jgJI ^ji)" 0 
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aj*^ SAjAaJI Alaja ^ Electric Torque £-a <_sjL^ii Mechanical Torque 

AAjj JJaJJ L_S_ajj i Lajb AjjIj (Jiaj J ^^ic. ^jj L ^*^J^ Lul a laa^ a 1 ■ la Jj 

:4JaL*JI uua jUaj^a (Frequency) aajjIIj acj^JI jl diia t S<_«,*,U 

PN 

f=— ^ 

60 

/ : The output frequency. 

A^: The synchronous speed or the speed of the rotor. 
P : The number of pair poles in the generator. 

4Aa.b J jlall '^^J V_ tibial Jft AgjJI (JJJj P sa! j-«3l ojAall jJJ a£>Ix]| bjajj 



SV^is^ sint) 



P = ^ 0-2) 



- s 



4^1 2-6 

ja*jx> 

Phase -j ^1 JLktVl <*-a ^h-"^ uj- 1 "^j^ oh JLLcVl - 

.y^U U±uLi 4 Faults 
jjt LuJ (jAj Inter-turn Faults CAM jaj Jj*l] jL$jl djAa. bj Lis JLktlj - 

djjiaL ^ ajlj (j-o ji&i J Phase Jj*JI jL&jl ^ ditvi'i JLktVl j^SI Lai - 
(^aj 4 Earth Faults AajjajVl JLLtVU < _ r a J aS La t aJcJI ^ia. ^ (j^^Lj 
. Rotor jUaII J Stator CuLill ^jaJI <Ja.b djAaj jl 

LOSS Of (jiausll Aj]jj jA^a jlAaa Jla JUatVl j>a iJjiS kcjASut 4iLja)/L) - 

.Excitation 



194 



. JJJj-a 4jt^ J^all ^ J i aj IA-IjCj SJ^all JJ__)-a oL^il ^ lIjjA^ jl — 

.aSO a^jVi o?j Unbalance 

4-jSLul£.La J Sac I jl AjI) Jj"^' ~~ 
<_Lwa2j 4 ^IjjVl oAA (J£ i_il_uii£l ^jJc. jj^la (jj^J -ll^al] AjISjII -1 2aj a i <aJ ' .'7- jj 

. j-Sfi P js til 4^1 
^U^ijijjb 3-6 

lilljj 4 3 — 6 (J^jillj 2 — 6 (J*S 1* La£ o-lpC. JjjlaJ LjjJaJjtj jail CjUj-a^ (j' j»4*-a^ (j -0 
j jlaj 1 k^ajl I gUj . (J LmJI jl— u J—olsj 1 ^ia I L_alA_Al six. j „"*""' (J— ^ (j 0 

jl 4 (cjjjII) ^jti- <_£>^ ^-ajiiia s-d^ 3 cj^i <J^ Overvoltage surges 

aIjJIj a\. alall oAja=JI SjjIa]I saa ^j-o ifuii as -ol AiLiVli 4 (Switching) AjLkb 

. lia^f Jj i .ailll 3 ajS,Vim j i jjjijLuill (jjKjjill ^ La£ ^] jaI] AjISj S)fr^ ^ 
<LajtLa]| oAAj 4 2 — 6 J*S Mill ^ La£ JaUj]I Aic <LajlLa ASS (j^ajjhll Aji£ Lai 

jLjj (_paiij| LaK (_paJjtl]l S-ajlia 4_aj3 CjAlj LaKj 



Relay 
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Distribution Earthing £jjj5 Jj*- 4 o-° 4*^' o- 3 !)^ ^ ^ 

.3-6 Ji^ (^i j$-k>j <_s^ ^^"mj SJUJI si* ^Transformer 



Relay 



Earthing 
Transformer 



(j^ajjti <J_ja_a ^I.WuJ 3 — 6 (J^i 

) <Jal£all 4 3 ~6 eft ^ La£ £)ji 1^1 ^-jjjill J j a &1 ^jjUill 

UaL ^IajjY' i.iiUll Ujjj L.iic. sj ;t , <all S-ajliall ai^J ( equivalent value 



R,=R 2 x 



^ 2 



• 0-3) 



i A - Y <j-° Jj^ " aJjaII jiLal Aaj li] aJjaII AAC. Ajjjlj LgJ laJ V ' (JSill Sajlaa 

^ A_ic.jjll oaa Lis ^1 Zero Sequence Currents j>jc IaJaJI ^.iaj dua. 

. aI^JI J) ^jij IaIaII J^Ja cj^Lull si* jjAj Jkia 4 JUa&Vl 



196 



. jaI! o^j'^I J^t^ 1-3-6 

.^>VI Cj^ul 'rax 1 * ' f<< 

.AjJaikiall dl^jLijH aIU. ^ JUatVl i_aLSjSI Ajja^a l^iaS O 
(J^Jtll (jjSj (jl -j^"' i *j .uS ojjj^aj J LuJI ijjjA^. Ajc. IfraJI 4 « ^liijjl Lwajl Lja«j O 

S-ajlia Cj^lj LJS aJ ^ jJa^ll (j-oj 4 Differential Relay -II a^Lis. JJaj l^iaj o 

fjj 4 AJ jaII '"'I (j_a jTjl aJlj (Ji.lAll jLiill (jj-J Jjj-ill (jLS LalS (j^aJjLill 
ALajlia Lj-ill lil i iax (JJaxll A-ajlia (jl ' " 4 dlLajliall Aj miStII 4 u.nlL ^jjJJ jL^I 
' - ' i a j JLlLj . (j^ajbLl i_Jjjjili jLiill (j^i Jala Ijjau-a lej^ ol^ (J^AJ^ 
Aj-^L^ <J_j1£ ^ L-U mil Jji-^ll (JJ-all llAj 4 I out , I in jj-l J#*-^ OP 

gjjll <j_a JLktVl a_^U. 4 JLktVl o-a Ajcjjll «i$J Differential Relays 
t>a ^jjll li& Jla i_iLSSI ^ J^iaj LJlc. ^ JLlLj 4 Single line to ground 

.AjIIc A^jliLaJ (>aj/Lll AIU. ^ JUatVl 



(JLJaC-Vl (JJ-J (J-yiiill ■■"> LalS (_paJjLill A_ajlia A_aj2 Cj-llj LalS A_j| L-iajl 1 g Laj O 

Unbalance Current jLu ohj ' ls-^j^ t£Li. £+Jl cr^ aj^jSM 

lAA (jljj^l ja-lC. 1 Ihi'lJ >,'" 4 Al^liill Aj^jVl ^^It JLaa.Vl <jljpl ja^C ,jC. Lill <_£ill 

jjSj li& AiilLlI Ajsaljlll jLjjj . 3 rd Harmonic Current j i-j>*j La j^ii ^ 
Zero Sequence ^jj ^ aj^/ L^=>. £-a^ A^lll A^jVl ^ A^LS^a Lilt 
LjjLS>o <_s^l lSj-^-^I ^Liaaljlll jLii j^^Sc. JLilL jjoj 4 Currents 

jLii j> 15% liA AJiHill A-^ljill jLu J^j Aia lilj 4 UL>j| A^ill A^jVl 

(JJaaJI jLij j ■ ■ a i aJ lilj 4 (_paJjLll yjL JvLi Liajl j^ij jAj 4 ^IjaII 
^/ 1 4 (j^aJjLllI oj-jL ^^-3 A—illc. A_ajlLa J j -^j ^^-3 Al i aj AJilLlI A—ikal jjlll jLii (j— a 

J^ui d>lall ai&j . 3 rd Harmonic Current jLu i_iiuSj a^U. ^j^L ^lAki^L 

.A_il3jll jLja. Ji.b Cj^jLt^lL t*Ui ClLTi. A_La3jll AjlSjll aJU. ^ (jj^ ^ 
. JL>all li% ^ ^ilall illUjVl Jj-aill li% AjL>j 
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cji^l ^ <MM 4-6 

Jj-aill ^ aj^J; jji^ Aij Biased Differential Protection >a JjVl g>ill 

Jj-aill ^ AjlixuLui ^-jJs Lij (jfju. asj Overcurrent Protection >a ^lill gjillj 
Voltage Dependent >a CiIaJjJIj L-aU. Ltjj liA LS3S1 .diJtill 

. Overcurrent Relays 



CiU £a ^LiualaUl Ajl jl) |»1 Jilyy) 1-4-6 

(jjjj A3j 4 4-6 J£-^ ^ La£ a] jA\ a1±^ jj ^lia Differential Relay -11 4jjuuJL 



CT 



Generator 



CT 



R 



R 



R 



.AjJl AjLilsGll aJIJi 4-6 J^i 
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High Impedance Differential 111 j Jji^l i_iL ^ JftJ& <-« jtL° 
oaa ^ Biased Differential Protection ^ 1 « Protection 

.5-6 JSA1I J IS SjSjsJ 



CT 



Generator 



3 



Differential 
Relay 



High Impedance ^hVu.ilj AjLal£ll ajISjII 5 _ 6 J^S 



^ Saturation i-i jAsj jkn V Differential Realy ^ JiJ Jj^I 
CTs -II ui djj^ <1U. ^ -ol ^jkJI (j^a ^jia Jc. o-^jJI CT 

LLij - y aj Output Current jla t^^j^- « JjJIj <^UJI 

JJac. Ajl Jc. ^jjajll liA <_sjj Differential Relay jU ^ q*j Input Current jc. 

JLill La£ Relay <L«jli« Oa^aj ^aa SK 0 i% t5 lt ■ . 

ajIUI ^ajlLJI fj'i Relay jL— ^ jjj-JI 4,;-^Vi«ll aUjILJI <_ji Saturated CT 

.aKj^xII si^j Relay Jl jiifcj ^ t 
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La£— JkxSl) Relay Jl J*Ai <5UJI a^A Jj CTS Jl <j-a <_jV £Aj32 lll.la_l 

Relay -SI Jib l_)L^> <_sjluy ^jjiSlj Jji^l lSj^p ^^j- 4 ?- 0 — c^J^ j* 

Jj ' Short Circuit -ots ^-=>j CT jl J*-^ ' CTs Jl ^.V linaj L»lj 
CT -SI <ja ajUll JiaxSI jLu jU 4 Uj£j JjjLJI <JUSI ^ajliaSI SiLial ^uj aJUJI «1a 

S-ajliaSI Ajuaj Relay -SI jA loA.la.1 '. (jj3j>3a 4-alal laom Saturation <S liilaJ ^ill 

li& j> l^i£ leja. jU ^fkSlij Saturation Jl J JiJ <_s^l CT Jl ja ji^lj 4 ajSUSI 
Jl J jji^ sja. j^j <jS JtJlij Saturated CT Jl J jjj-JI J. ^j . n jLull 

.^jUJI JL*JI li^a jpL jS ^ j>j Relay 

el>jl J TWO CTS Jl <_SJ^P UJ%"^ 4jliWI JUatVl 4JU. J <jl Aiaa^La 

.(j^pLa ja US Jk*Sli Relay Jl cP^ks Relay Jl Jib 



^lij OC Relays -St *hiiu.l 2-4-6 

£_a tiSSij JjaS] ajxuUVi <jlajSI ja Overcurrent Relay QjSj uW^' lP 3 *^ J 

AjISj ^j^-^l o^C. jj^i .la.lj (jj^J2 oj^aSI <Jlt CjI.J jaSI Lai 4 oj^aSI 4 • jafta, Lall CjI.J jaSI 

cs^SIj Time Delayed Overcurrent £jj <> jl$a. ^.vvi.in s^kj ..JjJI Jc i_£j5 

.lUliiSI Jj^aiSI J AjLuAjuiI ^>*jj 
-J l_Sjj*-aSI ^>JI jAj 4 CjI-JjaSI 4-al. Wu.il OC Jl »)$-^ O £^ tJLlA (j5Jj 

i a\AJ^\ OC s£a Jl AiL^a Sjj^a. olj^ 4js j t ( Voltage Dependent OC) 

4 » Jl SjliJal 4 ojjUI .l^a. ^JLJJ A j£ aJ I - ua 

L_aL££l ,_sjUJI Overcurrent Relay J& t .w . ^j jLja.Vl (>a*j J aA i_jjj*JI ^ 
4 JjJS ^*jfLSI jLull (j-o Jai JL*SI jLu L^ia QjSj Jll liSSj Aj^U. t JLkcVl lh**^ 

AiV ' <^ J^*^SI ^f" LSiA 3 ^sLjilSI (j^aJ JUaC^/l (jx ^>JI 1^* J" (j^S 

jj^aJ JtJLij 4 ^SjJL jj-aUJI BB Jl ^a. Jft iajaJ^i (j^Uaol ill^aj JUatVl <SU. J 

. JUatVl (J^S '-sLilSI J AJaa-XaSI oiii (>a o^liij^l 

:Sjfra.yi ftjfe (>a Ljlfry iiSUfcj 
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(j^filja. Jj*a>-« Ajj^£]I AjUaJI ^Jaj 



. Voltage Restrain ^ Voltage Controlled ^y^uy JjVl 

j> jjikij^aj bjj^ jl^aJI oj^j Voltage Controlled OC ^j^JI JjVl g-jjll ^ 
gjill I^J c>j^ jV^I *a^cj . <_>ulLaJi Jc. pUj L^jjj fjjj Setting 

6 _ 6 JSJill jjLti ^Ic djUiajxll AcjA^xlli . 6 _ 6 J^ill 

- Overload aJUj jjbll p*j jj^Sj t J^>Vl ^ l^Jc. jl^?JI Ja^ja ^ ^1 ( 
jiitli (j3 Relay Jl lift (jS3 - ^iaU. L £jW.>»JI ^ <xjLi jAj 

. -1$-=JI (j^aliijl djj.la. ja^C. t ■ 1U.11 jliill 




MUUPl.ES Of RELAT TAP SETTING 



Voltage Controlled Overcurrent Relay 6-6 Ji^ 
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(jla Very close in fault -JjJI (> I.** J^- djj^ .Aicj 4 ji.Vl s-ulaJI <J&- 

^ Jtllljj J°' all (j-o AjjjS ^Loj3 Jl (Jj^jj JS* IfraJI ^ Ai^S (jiliajl Aj CjiiJ-j JjaII 

U^ijLa jpl Relay Jl L-iicj ' <Jia»JI ijj^L ^t.j ajIs j]I S)^! ^ Jtc- jLjj j-oj 
Pickup current l$l tpllj olnVi«1l <y» <c.j^^l Jl ^Uijl ujuj 

■ -Ojw.^l ^ ajjIjII <c.jfl-Nflll Relay Jl Jiiii ^ ill i$aJI 4-oj2 
<_s.io lAjjLajjl Setting J j&a Voltage Restrain LS ^A\ gjill LI 

^ jl$aJI Ajml m-s ~ J i aJ Jtilljj (jjjluill ^-j^l (^3 Lo£ j/""' J"? " (j£ CH^J 

pjl ^ (j^likjVI (jJJj ^->ll ^ (jilsajVI (jjJ <3^*JI Jtr^J .-cr^l JUatVl i_aUu£l 

f ^ -t^Lij . 7-6 Jiill LS Setting 

(jiliajl lilliA J lojUa (JLnJI L_aLSj£l 4 j£ QJ AjISjII yfr^t (j-o gjill lift (jli 1^ 1 . :~o-^ 

•^1 ,,1 



CD 

CO 
> 

is too 



CD 



75 



O |50 



25 



25 50 75 100 
Restrain Voltage (% rated voltage) 



Voltage Restrain OC ^l^l^Li <aJ_uhJI sjU) 7-6 J^S 
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Stator -Sl^lij^EF e 1 ^ 1 5-6 

fault ) (J i aSVI 2 U'a'i ,„ ^ aIjaII j» ma ^gjj -lljJI LllULa (j_a jLull JJJ-a ' . Ij ■■'"'„' 

t.j*A\ Iaa (jl>ja.l (jil -LL^ 3 Ji*JI jlj^LJ 2JU. ^ ^jjjj ( point 

(■\jA ^aLuli ' " ' Ja el^JL lAAjjij ^oj <_ s j1I ■^U^Lk villi IjjjI <JLua.l lilli&j 

(jL Laic. . JU'.I&U Jjla i_jJU1I ^ yt, cliUUI Jjji. Jj«JI JUidl S^Lj ^ -infill 
Aj>ii3l <_j.iaJ ^alLj ll&j 4 IjLa. i La properly sealed (j-lill 

^ajVl JUa&Vl ciLij£! J> 1-5-6 

oAA <jlj .lilUjll (Jj^aill ^ji LjajJj JjjLJI JyUI (_>uij La <j^aj 

Jj^all ^ <jj£a ^-jJs (jju ^ill g^ill jAj Restricted Earth Fault Protection ^L 

. (8-5 *>JI £*b) .o-^l 

EF Relay M-u^Sjbj 2-5-6 

Jlj^Vl oIa Jia (^.ia .^ikiall 2 (j^ijVl A-ajlLa jl i SJUi Neutral 

jlilll oli JLktVl i-aLSj£l ^ (j^alil Earth Fault Relay <j^Lua. o-sLj ^Ijaj 

Directional Earth Fault -j i-sjju La ^I-illJ ^ t!l]i] ^.vVuh^I Jj>k]l jlJj 
V jLjjJI J jjjijj JSjSII Iaa j^ij .8-6 JSjill AL>ajj AijjL ^^ij ^ill < Relay 
Lajlj JLkcVl t> ajISjIJ ajaJ^I ci^JI La£ Residual Current ±& 

. Residual Voltage L^J <kAi 
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Residual Current = 3 Io -II ^ jli Unbalanced Earth Faults ^L. j 
Residual -il ~~ Sjji-L-a ■ * < <K jj 'w — 4 « ft ^ j-^j <_5-9j ' 4_aja q^SLuj 

(j^iJ j a! jJI JiJ-i Earth Fault S Jiaxll li& i Lal£ ^ Voltage 



CT 




Earth Fault 
Relay 



Directional Earth Fault Relay aJj^jj 8- 6 J^S 



Negative Sequence Relays ^^j^ 4jt2jlt 6-6 

. Negative Sequene Relay 
Sjjla Relaying Signal J\ jL jrlisj ^Isjll gjill Iaa ^>£a 

1- Positive Sequence 

2- Negative Sequence 

3- Zero Sequence 
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j ^ laJ (JJaC. ijlljA^. Ait (j^l . Aj^kj LigJ CH^J ' _J° ' a (j^jLuij 4jHj1Ij (jj^J 

Negative Sequence t^-y jL£ i ■Vy^ ' aJjJI jlyA 0 UjI jjAj ^tj^-JI 
tj\S lili t ^aLkJI aajaII i_ia_L^i ^jLaj aa>1j aIjJI (ya a-uAjlJI slj^Vl ^ Current 
.oUj^I jjAj U3a L£ 4iV « 100 Hz uAi 50Hz csaUJI 

i Aj^jliJI <LuA*a]I i— iljial ^ JjJaII JaaJ ■ ac-Uiaxll AAjlil CjIa Clljliill aAAj 

^ 4_^U. 4 ^jLuJI i_JLJI jLull Iaa l-uj aj a! j*3I ^ Heat Losses Li2 Ia] j 

. aSjaI] JjiaA^ £l 



aJjaILj A ..-ila. 4_La£ L_ajj«j La LJli. CjIaJjaI] Ajtjjuaxll Cj1£jjjo]I (jli aAA SjjJaiJj 



K = l\*t 0-4) 



( % of -j aJaIxJI oaa ^ o^ii} i Negative Sequence Current ja I 2 ilua. 

.rated current) 

(_j^al_k iAAjL LajlA (_gjLuiJ Lr-a La£Jj_iJa (_L-alaj . ^Ijillj (jaliSj . (j-a)^^ CS"S^ t ^-"^ 

. \jt>jj_yil (j^jll (JS LaK I2 4-aj2 OaI) LaK JtjlLj ( K jA a]ja]Lj 

_JI i±S) a_^ p« L^jj 4 40-30-20-10 oj-^i ^ ^j-j^I 'Mj 

i-jjjja (Jj^jU. jjl^j IaI (jjLul Jc. Negative Sequence Current 

. Ijja <L^>a aij Jj^L oaliJI cLuIaII 

A_LaA^/l (j-aj .CjIaJjaII ^La a I (J£ 1— Lull jl! oAAjtla dlLuaAaj Ullc. Relays sAA » aJ ^JJj 
(_gj 1 aSIl ~; all ' " ll jla j a ^ 3J ^AiA-uiall Relay -Jl OLjj^la (jl ^j-a A£tlj (jl (jl S aJ 

• 9 _ 6 J*Smi1I ^ La£ aIjJI Ji.lA U>J ^aj^all ,ytu]l AjIUji CjljLul] 
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Negative jL^ J^»i]l j^j i_ju?j K = 10 <J ^Ul ^ Generator JU 

^ ^5^1 ^ 3 J 2 fJj TDS -SI cs-i^ ^ ^ib <] Sequence Relay 
r ^-;... ; J jjl^ji K=30 ^aJI aJjJI U . K=10 J Jl»-3I JaiJI 
.9-6 J^ill L£ 8 (ij 2 Cy ^ Jl TDS cjluaU* 
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NEGATIVE-PHASE-SEQUENCE CURRENT (l 2 ) IN PER UNIT VALUES 
OF TAP SETTING 



Negative Sequence Relay ^ jlullj <>jll 9-6 JSJs 
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l^L^>a aJ (Unsymetrical) aJSULo j_j*3I JLkcVl oaa j^ju jl 4 h^Xa j,t a-i 
o^l t Negative Sequence Protection o-° Ml 
Open <JU. ^ Ia^. o^jia jj^j 4_^U. La^j^j ^ aj^/ ^jLjaM 4-JL^ 4_Aiij]l 
Negative Sequence j»j ^ S-iLj <iLi i .ii .i ii , . ^iilj t Conductor 
jl 11a Ah cZ£qj 4 o^Ljj a^= j]l S>^J Ah ,''<;' V JJa& Current 

4jH jll <> iLaU £t j2i 7-6 

4_ i ^>U. S/l£Jsl L_aL£&l ac.1 uu3 aJjJI ^jJc ^ i^ijj <J&J\ ^ Sajac ^l^ji lilliA 

Over Speed Protection ^» &>j*A\ ^ ^liji! 1-7-6 

tJ _& La£ (Jiaj 4uiijjill <J=J.l]| jli-JI 4_La£ ,jla 4-uLaj ojjj-aJ JJj£ (Ja^. (Jj^>3 <UU. t5 ia 
jl^JLui ojjall aAA <J!/Li. 4_j| <j£ u^all ' y^'J di>^ (J^J-^ ^ 'J* " ojjal J-^*-j (jj^ 

ji-k-al Jl 4_dujlll Cl>U>.A« iafjJa] GoVeniOr Ji-lil Laj 4 

.S^aAajl 4j]lx]| Ar^uill 4_alj.l J (J^Aj (jl JjJI (jU AlAaJI ^.>Tjll 1 ■ ' i J jjJ 

ajii ^ill Ciijall 4_aj3 jjij J^Ll ^ jjiill t*Uij jl Governor II 4j| 

La£ .A^aJI lAA jl^jjjj 4\cjjJI oALjj AjCj . 4 jiujallj Alkali Jj-at ( _ s -lc 4-l^)J j;» * a 
Over- Alp]l o^Ljj AiJa 4_ilij jl 37- (3i>^ <-£>=^ 113 ' <aj 4 IS uixll aAA ■ °1 ujj^l 

jl ^aJI 11a iaijja o^ts ' ^j^l W-lA 3 M '"^j Aipll t Frequency Relay 

.4j1UJI CjltjjJI AJa 4j1 aa 11 

Loss of Excitation ^1 & ±± ^iSjll 2-7-6 

■ a I jj a! j^B SjjjS <J£UiLo 4_Jc. sh>^ <j' <j^) Excitation <jlAaa ,jl ^ jixJI ^ 

^jjt« aSjJI Jj^j jl ^J^l • (jjjl -'^ 1 4K ^al| oAA (j£3 4 4js1£]| 4cjjui1L L-LjaJI lAA 
^5-2 Field (jlAaS L_U ■ ■ <JlaJI oAA i (_jLj lajjj a JJC-J ' J-^^ aIj^i ^1 
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AAC. aJjaII <_L-*a3j Sij^ mj ,*"i<l (j^aJ IaAj 4 a]ja]I L_alj_lal ^ lo IfraJI '— 1 to j| 

. ji-Ts\l 0 J jA^. 

,_i Alkali I IjJ i ^/jl :<jutila A_o1a CllljjJaJ oAC CllAa-lj a3 1 iajj^a Alkali ^jlS IaI Lai 

^1 acj^ ^ jjAij 4 A£ii3l <_£lk j> ( Reactive Power) Q <> 4^1a=>j L 
4 unjl-ilw «H jLu jVj t Induction Generator aIjJI g i . «aj Iaaicj 4 saLxJI 
i.i.i jj^aj JLilLj 4 lsj^^ i-iIa^jII ^j-a jii (Magnetizing Current) 

OUt Of AJ CjA-^j jl 4_jL>iil (j-i (j-^aJj ' LJk. (j^ <^l'i-a>jll a jSjj J£L>la 

.synchronizm 

La jIjaII j^axlL Induction Generator <i£ J-a*j jVI aJjJI jVj 

jLull IIaj 4 Rotor ^ a]j2 ^pll Slip Frequency emf (jc t^LJI Slip current 

^aj ^1 ClIjLiill aAgj oAjij jjLu ^iil Wound RotOr <UU. ^ 4^U. Ajji^j t.l.i"i,i 

. jIjaII j.^itII ^ i n-^ ^ 

Distance Relay flvVu.il JLktVl i> £jill lift i_aLil£l ^ Ujj^ J&Vl <Sij>Ulj 

Jl Agja. ^ (j^aliiil liLi !>Lj ' ■ U Field -SI (j^aliijl jl (JjiLjiI tJ it L\Jj£3 ^ Aal*j j 

Impedance Relay L^allJ jJ Lul ^^ixj Iaaj 4 Stator Jl jLu ^ ^lijjlj < Stator 

( jl'i;a's LaAj (Vs/Is) <Laj^2 gjLk ^ njj Jl U-Afl ^ ^jj]| lift L_aL££l <j£aj 'Ujfl mi 

. (jL\A_jix-a 

Neutral 6* **u*M 8-6 

4 4 u^jVl JUatVl 4>a 4_il3j]l Ait CjIaIjJL <j^>U. 4i£*La CjIaSjJI SJU. ^ 

JjSj a!£j V JaLkaII ^ Ajj^II Olilil ji 



^ ; «7> oAJ_jla]l A _4^-all j^jp Alkali L_slj_LI ^ 1c. A^aJI (jl j»jJx_a3 
Ajljpj La^luj 4 (JaUj]I ^ jaSj Ait (jj^J ( J^"°) ^ ? (J^lj 4 i-jljiaVl Ait (jj^J ^ a ^ i aSU 
(j-a ^JjVl %5 AjAji. ^) JaLkaII 4_Laj (j-a lAja. i^JJj3 JJaC tllA^. lili JLllLj . A^JI 
^ILJI JiaaJI jLjj Jjli JtllLj ' » (jj^J ^iklall sAA ^ a] jlall A^JI 4 (Cjlilll 
(jl oALjj AAjJajVl J ja&Vl AjJa Ajlijll jLj^. aI£j !>L3 4 ljji_i-a Lwajl <AC 
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.1 iiTl^n JJC. JiaaJI lift (JiilJ t jA (J«*J jis Jtilljj t ^jjiJIj Jji.j]l 

J^U <> Sj3|jJI J^Sj J <> S/aj ( ( « ,y«s j ^ ^Ul) JjVl JJa*3l J!>U. <> SjjIaII J^Sj 
. ^j=JI JkJI jlill ^LuuulL J«J JjVl Jl-ll <_£U o- g-jzylla « 10-6 JL51I 




^Bllj JjVl oJ^I ^b 1 ^ ^b 1 ^ 10-6 Ji^ 
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(cs^Ua- Jjxa-« .A.i) 4_u^£]l AjUaJI 



La£ AjAaJI jLmJI IaAj 

A_LaAl jjji LlA (j^J ' Alkali j;LaA ' ■ U mJ A3j l lis. Jlx. (Jiaxll jlij (jjfLluJ 

.aKUI oa* J\ J^j V ^ JjVl JkJI 

JjVl (J-laxJI L_aUi£l j»AX. ^Jj CIiaI (^jll l_iL_luV| j*Al Aji.1 (jl LjA - g «3I (j-aj 

lil (J-aaj ' - ' Ja ; jaj i aJ (jl ** „'l ^ oAA (jl jA Aaa^sj^/I J SaC-S/ 1 A ^ 4-iLaJI 4 l-i ml aJ 

jl yV-Nfl Aa.h ' - ' Ja 1 SaLc. lj^Lua.1 ^Ll 4 ajSlI aAA .oAA_a_a 4_aj2 (J LmJI jLii (_£AjtJ 

(Stray sajLUI CjLi&JI <_£L^.( Leakage Currents ) dljLdl 
^c. (jx. ^jilill jLjaII jLucVI (j-s aAjj iaUa£j 4 Capacitance) 
Ijjt » .o La LJlt jAj i Un symmetrical Current 

4-aJ3 (jc Setting -II Q^aiai (j^aJ !>li JIaSIjj . jLut^/l ^ Akjj (ji i_Laj ^aj3 -U AjS'IaHj 
i AljLuill ' " 'jjl .'"*- V I ** m >— SjJ-UI (s-S fJaLk J i a3 (AjAa-Li a ^/lj t oAAa_a 

CjIjLjaII CjIa Jl lac-Vl <_aL32£l ^ac ^ ijii iii as Setting Jl ^ij jli oijll (j*ij 

. 4 K moll 



jJjaJI CjUIa Aja^-aII <o,uail i_jIua l-8~6 

4 i «ajjtj >J AS AJjJI (jl iaIIAj . lAjlilall (j-a LjJjLia. slj ( _ s -a1I 4 J mill i—ll ma (j^aJj 

(jl ' - ' ja ; S_ajlLJI sAA 4_aj3 jLii=J ^aij SaLcj t 10 — 6 mil ^ l_a£ R 4-ajlLa J!>Lk 
^ jIcj t <J_al£]l J aal! ^ "j^m __)LilSI 4-ajk] <jjl_ui« 4Jlaj3 (jj^J SLG ^J^l J^ - "*^ 

IAJaU^Hj ^ LmJ Clliia]l (j^i 4_Laa-a JJxll 4 ImllU 

i?x/ xlOO 

Lfa- Protect %= ^ (6-5) 



(CT o- ^IaIjVI m^LJI t^) ^La^JI jW JjiJli jLp Jal jA I op 
Phase Voltage <^jll ^ a^JI ja V p h 

(_paJjlAll S-ajlLa ^^A R 
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(tS^L?- Jj^c 4_u^£]| AjUaJI ^Jaj 



Jjill ejaJI 4 im'i CjaI) 1 aK (_pajjti]| <Lajlia 4 « jS CjaI) 1 aK 4j| <U.}Ixa]I ^ 

1 Jli. 

jiU-La 5 >a]l S)^a (jlji Restricted EF »\ ^"■■■l; 4iilaa. duS a$ .il^a jl lUaja j] 

jlij 4_i2 ^a Ijl <_La*J ' - ua 1 4Ja^jJa jaj A9 EF jlfr? (j^ lijfl dlljijli^ 1 1 a J ' J,}.'"! 
.1.2 Q UjA9 <LajlLa <_£>la. AjJaJjb jaJ -lljJI <jl£j 4 u*,'.'^ jLuSI <j-» 25% LSj^ 

. aSjJI Ia$J CjliLJI 4 .Laa " jjill 4 IjuuII 



I op = 25% Irated 

5000 _ , T7 11,000 ,. .. 



I 0 p = 65. 5 A 

(jjjluii L_aiajl jj^i ^ .Laa " Jjill 4 imill (jl 1 1 a 4 4ijl_ui]| iLla-oll ^ (_paJ^»j]L) 

2x65.5*100 



-=25% 



6340 

cAAjA J Stator -U **UaJI 2-8-6 

4_jlaaJl] ^ « i in La - laluLj 4 4 j,>tjV| JlktVl ■XJa <Lal£ jjill 4jlaaJI <JS ,im ^^Jc 

j^ki l^j 4^,„i«ll Sjiillj .100% Generator Protection CjIJjJ] 4lal£]l 
Earthing Jj-^ J^-i. ^j—a 4_jajjb ^ Lja aJ^JU .11-6 J£-Jill 

^ <, <ti-^« sjjp aJjj ja_l^« J^a-all li^J jA^I t_iiUJI 4 Transformer 

^^C. i 't\"\^n AAp ^hVunl jA ja^all 4 ((jlajaj «]l jl JUI AAjjII ^I.VV'u.il <j^aJ )50 Hz 
4Jlaj3 ^jJc. eljj (_£A]Ij ll la II j 1. <axll ^ 1 ■ Ija mxll jliill (jJJ 4iiiij]| (j^aJ ^jJa. 50Hz -SI 

Leakage 4^iij L ^Jj\ J^Ll ^ ^aJj j±S jlL ^ qiij 4 JLaJI aja^j ^ali^ 

•Current or Unbalance Loads 
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( ojji^a <jj£j ojjIa]] aljjjJal ^Hl -S.ijj]l 4_Jlc. CiIjLu]I jl> <ax UljJ ^jjll 4j2l£JI <LajlLJI 
jll e i a j J (jji j uaj ' j g lajS t LJL- ^jj S-j 4 La i_J mall jLulli JLilLj 

.AjLaJI jl^a. J^t j ( 100% Realy) 




oLU 5LL.IS1I 2ulSjll 11-6 



qj=. AjxJI) JUatVl (>a I1& (Jia (jV 4 2 K - JjLaj ^ ^JUi^l f±C . jl 

^gJt <_£jJI CiLlaJI (^a o.lj.lr- £^!>^ aJojuiIjj 4 ^3 * aj Ail uS£l ( (JjLijJI 4_LaSj 

.^1*11 Earth Fault J Differential Protection Jla JjJI 

j! jjll j^dl 4jlij 9-6 

11a ajI^j jajj La£ DC System J^Lk <>> ls^j <j' Rotor Jl >y La ^1 
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l^j^Li^. 'j fta a . ^. I) A_u^S]l A i\ aa II ^laj 



. 1.1a. (JiaC jlij ^jjj I^Aj (J^J^I £-a ^gUJaaj jjJJ (Jjaa II jlij 

: Rotor -II ajIsj aJU. ^ jl»^",„* jtiiyJa lilliA <_jla a IS * all o^a ■ . i ia^lj 

^jjjJa (Jj-ajjj t RotOf -SI ' »L £-a <_gjl jlill ^jic ^l^ijj aJIc. A^ijlia -I IklmU JjVI 
Jjft JJaxll aJU. (^ii . 12 _ 6 JSJall US G AJaSjll Jljc. lalaj L^jj alLa AjUjJI jl^a. 
A-ajlLall ' L>-a4 £-a A a i aJ A_ali^i "ojjl Jl QAjJa UJ^..' ' " AjISjII jLg-?- (jl - ^ ^J-a F A iasill 
• RotOr Jl (jlc- F JJa»3l Aiaaj (jlS-o (^Jc. JLaJXJ ojliLa RotOr -II i-iL pja. lilliSj 

i M AJaSjll Ajt Lalaj RotOr ■ il« ■ Liajia ^5 JJaxll diia. lil Ail AJLylall sift I ■ U«Jj 

L*l -Relay JU jLjj j-aj V JLilLij csj^-^y G A-kajj M a ^ jjj ^Jl jj^a jU 

(jj-j Jyj lilLjA jj<; uj - M A jajjll lie- ^gjAl A jaSj Ajc J kajl lil.la> lil 

•Relay Jl Jj» >3S3 jlu jjj* <jiikii]l 




L_ila (gJc c^-^jl J ^"*- tlljAa. 4 13 — 6 (JSJoll j g iaJ t5 jSlj A-jjliill AijjJall ^gk Lai 

^ jLjSlI ^->Vil <■ aiiS-o + AC Source : *j^su Ail** spb J-«c ^ uiA Rotor -II 



213 



(ts^^ 'j «a a . J. I) 4jj_)^£]I 4-iLaaJI ^Jaj 



A^a. Lj-ik. jg laj 4_a jlLa + (J-k«JI (jlLa Llua) RotOr -II t «la (j-o f/ys. + AC <JU. 



S-ajlLa j-i^ajj aJUJI saa DC (>» j»L AC injection Jl ji^o JacLuli a3j 

l^jSjJa ( _Jc. ^.^ijj j^jII <LojlL»]l j^Jc. Aj-a. j^Jaiu: jjiilLaJI ■ ^a VA) 

JJaxll aJU. ^ Relay Jl t^-i^ 3 oh -H?^ ja-^j j Over- voltage Relay 

4_£y]a]l qC sjAaJ La jAj i ■ LLall I LufliHa ,_3 (jl^ J-S (_jJa. (JiaaJI (jl^a Lsl ^j^Jaj^/l 



Field 
Circuit 




Rotor Jl ajUj Ajjlill Sij^JI 13-6 J^i 



cjUakkAlj 3f ) J 9-6 

Protection ajISjII olkki-a s^lja ^Jc. Sja^I aJJJI «3 <*pUI oljUj-all ^aI 
^ Ijj L£ a! jA\ ajISj laka ■> SpljS Ajiji] ^jxAu: ejaJI 11% ^-Sj . Schemes 

. 14-6 JL51I 
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aJIj ajpj kka * 14~6 J^i 



1 — 1 (Jj la ii liila i_j^)3«j IAjUlujIj t 4 a3Ha all 4_Aij_j]l oj^^l (JaaJ Jjjj^ (j-a IaJaa all q^Sjjj 

.JjVl J— ill ^ 
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Auxilary Lock out Relay, 86 £-4*2 Trip Jl oljUij cjl Jaa-V ' Ly^l 

AjISj laJaa a (JiaJ 14 — 6 (J'v'MI 1 aiu o_pa]l la i aj3 a -4^« ^jl^j Uil—i. » Ji^J 15 — 6 (J-Sjuill 



52 
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7 



JUacI £j2jS Ljajaj <JJ^£1I <_5ja]l ^Lajhia j^alic. JSl qa Busbar (BB) -II JfixJ 
lillj-la. £c aJ^ i A^ijiiiall jjjj dliijll ^ 4j£l ( 4-jlc 

£Laa. Jj-aS jA 4j <j^>UJI AjISjII ^Lal Ajajll JaJI (jU BB Jl (^le La ikk ji JIaC 
j$i i^jlllj 4 4ia 4^jUJI JLaa.Vl £Aaa. (Jj-aS tSlliSj Ajlc. AikUl 4jiijll jji^ia 

jl^a jhi^ij (Jja Ai.'inill j^ll is^ifi 1 . iaja LiA .<LAiijll 5 ^jlv^ ^ 4_iujLuia. j££^/l 

. BB -SI AjISj Jj«-»Sjj 

Laiu laSa OJJJ^SI a aiajVI ^ jail V BB -SI AjISjI ^j^T - 1 V J^'„ ,L ' (jl *Uaa^La £-a 

(jL Lalt . BB -SS 4jL3j£ J^axll (_5jiSI 4_aj]iia jj_aUc 4jjJ ^UWUNfl 4jtijlL) ^ 3j£j 
5 l~ al l (jl^aj ^ umii 4-&S BB Jl SjLurk ^ .kia umii ^ BB Jl JLkci L-iLSSI 

. BB JL La ^La^pJ <iajjj* S all j^Ue JalilLi 



BBs 51 e 1 ^ 1-7 

; i_j jllaJI Ajjliall <a.j U»il BB Jl '- <aj ^aSj 

JjxSl £jj ^luA uiu«ajl! 1-1-7 

: ^Ijjl o^c lilLiA BB JLi i=ua_all Jj*ll <jcjj ' . ua Qxa 
Ailla-all Phases Jl tjn J^>lj2 oj-^j J> • 1 

.jalj Phase J£ jJJ Ajjlc. Jjaj f. I^IL Jjc .2 

. Earthed Enclosure Jib phase JiS *L$JLi Jjc .3 
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J^i GIS jt Gas Insulated System j L Jib SF6 ^.iii-L J> .4 
. ol all ^ jjLSjl J&Vl jAj 4 s,i&, (^Jc. Phase 

») ja.Vl L-Lma t Lluaill 2-1-7 

lilliA A-La-all Jib BB J CjUyil ULL BB Jl ' «,"^' dlpaJI UjJ lil U 

Cjlka all Ail£ O.laJC.1 ^43 AijLJI A^iall ^ UlijSi JSLLall Aajgja . jii I im.^." 

IgjJaau Ja^-il AJjlij IgjJaau jjt All aflia *l)a.l o^t Jl BB Jl -J ■ (jyj^ll 

(JjIsj ( *_lLlaij ^^HjILj i BB -SI ^jit Jkc ' ■ Umj Jal£JL Aiaa_a]l J> <ai £ia ' ' I i «aj| 
jj^i J^l (j^i A laa all ^ A_a^oll el^a.^1 Aj^kj aJJ (jl ^^C^jij l^LuaS jajj ^^jll 5-l^a.Vl »•"*■ a 
.(jjjjaJI Ai.1 Jj^aS <ULa» ^ AjjIja1uj^/I (jLoj^al BB -II «-l>=>-l (j* t-j?- 

llgeljjL Cll U-\ a\\ ^ A-a.~lVu.iflH BB-ll ^Ijjl J^l (j-aj 

Single BB : JjVl g-jill -A 
Single BB with Bus Section : ^till ^pll -B 
Double BB with Bus Coupler : dJtill ^ill -C 
One and Half : p\J ^1 -D 

(jjlj UUi BB -11 ^jUJI J^ill U . 1-7 Jiill ^ J«iaJ AibUI al l g-ljjVlj 

. . 1 — 7 all ^ La£ A jljlajuil J*S uj ^^Ic. 
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TT1 1 

A- Single BB 



JUL 



/f /f /f X 

TT 1 1 



C- Double BB 



WW 



B- Sectionalized BB 




D- One and Half BB 



BB Jl -» g-ljftl 1-7 




BB Jl JlSJal 1-7 
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Ja^JA^I (jLui UuA ' ij'-V'ti 3-1-7 

o^c. Jl (Jj^jjaII J£jjil li±L BB -SI <■ Lil^aj <j^ajj 
Jl Aia^ii <_ji]l jliill ljUus. Uj£aj ^jill 11a Jj Flat BB g^ill -1 

<LU*SI j> BB 



/=7.73A a5 J p 0 - 39 



cSL^JI P 

jLull <-aja t_iLua. 1 •'•'< aj 11a Jj t (P ) iiLa^ <Uj £pi«SI ^jiSI -2 

aLLlJI j> BB Jl aWu 

/ = 8.63A a5 p 036 

(jx BB -SI 4la^JJ ^iSI jlilSI 4-aj2 l—lluri. aj £^jll liA Jj i CLaj^ajl ^oiSI — 3 

-.urn m*A 

/ = 13.6A 068 

50 J^=j jl SjIpJI Ajyj J ^UGjVI jl 1 u^Jlal ^aa AiLJI C^UJI J£ Jj 

(j-la-aSI (jl Ljajl (jiajjilj .<^p 40 Ljjl (_>apil jSI J2>JI ojjp. (Jj3 4j^la ^-r^P 

.^jjla 20 -iit 1.724 uQ.m <_sjL^ Resistively <S ^iSI ^UjSI ja ^vVu,i«SI 

JlL&S?! uibJ 2-7 

LjiaC. l—llfuiVl O^A J^SI Ai.1 (jl (j,'.'y OUaa_aSI ^5lj (j^S ( BB -SI (JUaC.1 l_]liual 

L Ulcj (SC) W jj^aS ijllj-la. J L-Uj aJ Lax (jUjJaiSI o^A Jc. ^JJJt ^-ui iajiuj jA 

(_paJjtlSI ^tlia (jLuaj jA Lllj^.1 ' ; UjuiII (jj^J jl ' ^J.'"'*' ^),'* 1 — ^ CjLajIaiaSI J liISi (jj-^J 

jl Circuit Breaker Failure djj^ i-n^ J ( AjLu^SI JLatl P LpVI Uli-a 

. jliiSI ' " iVaa a J jU^ j| tiij.}^ 
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BB Jl JU^I J Ji^Lj 



BB Jl AjlSj A^Jajl (jl Aia^Lall o^A (^ic. Liajl i^LAU •JUaftVl s^A yjiaiJ jzJ 
(jl JLua.1 Jla.jj ^ AiV l^Lai J»j Locked ^ l$J*?J CBS Jl (J^-aij J ^ 

. Transient Fault jjUJI ^>JI t> Jiaxll ( j J £ ! 
BB-N^ Sj^kk 1-2-7 

Jl>u (^Jc. ajL*.YI t> .ajV BB JLj Aj-aUJI ajIsjII 5 J^-aliS ^ Jj^jII Jj5 

?l^J^kk ^.la laj BB Jl ^ JUatVl £jljJ ^la 

Al ^JJ ^J lij JaIIHj ^ 1 — -'I jjx^j ^ '.'."-'j jl (jLoJ BB Jl t ^it ^UaC. (ji ^Jtjltj 
(S ) AiLui* La^iijj ( jnoVlj ( I ) 4j.lua IjLu (j^-t aaj (jJ^iu (_gl (jl j»jLt^i3 i Acjjjij 
jLJI jLiJI oAua £J>o £-« ^J-^ 3 ' . ' ' "I (F) A j i jaUjLX oj3 I ag ilj Luijj AjU 4ji« ^^liallj 
lAjl^JI AjjIjt-JI ( 1 ' aa 1 'm A.^li'ii'iiill £-a I ] ' a^c> ( Lull 1JJ I ( 1 s,^ ift 



F max =2— xlO" 4 JV.m 
<_s^l Phase Jl three-phase system Jl <1U. ^ SjSlI a^a a-oJ L-iajSj 

.1 L^adiall ^ ^\ ^yliJI L_ijla]l jA (jAj 4 JiaaJI A-Jc. 



oAijj (j^i (j^aJ (jl aSIl (jJJ AouLiLUa-all ojill (jlj t LJ^C- IjLu I cj^ - ""' ^J-^ 

Liii sk La^ Switchgear Jl ^ Vn/n jj^L^ ^ jUjailt "jH" ^ t.iu.m J l^jja 

BB Jl i-JjSllj ^J- 4 ^ Q^lP" 4 ^ 4)*Vl 1 "a . uSU JUsS Aiai_all ^ jjLui. Ait 

BBs -SI l£ ^-^y^l uuSU-S?) 3-7 

A-aAAj^j (^i A^j^j BB Jl ^>J lifla BBS Jl AjLaa. (_ji A^^LL^all jjjiall 

aJIc Aj^LaJclj Laj^it BB Jl Ajljj jiaii (jl ■ ; la J (Jlja.^/1 (J£ (j^] .AiLaAl A^j^j 
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(cs^Ua- Jjxa>-« .J.!) 4_u^£]l AjUaJI 



4 ^tjxJIj Discrimination JUa&SM jj^j ^ 4j11c. Sjjaj High Reliability 

(_J-al£Jl_j all £JJ*- ^J'*^ J' aflll ^ £jjjj!I <jj^ jjIj-JI (jx ^j-^Vl .laJI J' <a3 (jx -iSfcll 

. 4^i.liJI jj^i 

jAb (>J flJa^b Ajllji! 1-3-7 

.2-7 J^ill (j-a (.pit tSlti BBs Jl AjUa. 4-,Wi,„ n II Jj^l .kJ 

J=lL J£ ajLos. ^jj dua. 4 Remote Time Delay Protection j AiyJall ai* h>«jj 
4 ^xaaJ3 ^L^. J) Overcurrent Relay 3 li.nljj BB Jl gjU. 

. BB -11 4 u.nllj 4 j > ajjj jiVi yji-Vl o^Aj 
^j-aUJI OC -II (jU BB -II j> ^UJI CjLii-all .ij ^^Ic. JJaft JjjJa. <]U. 

^ iMLjj . BB -lb (j-aLkll OC -II jWl BlOCk £io SjIjS] J^ujJ (jii-all 

. BB JU ^UJI OC Jl 



• 00 
I I - 

• O 

• o 



Aij>ll 2-7 J^i 



Differential Overcurrent 2-3-7 

Kirchoff ;j„'.'^"' Jc- -laiajjj 4jltJI Jjjiall L-llc-l jU 4 4ijLJI ^jVl AAyiall pi ululj 

jjV Node tst (^Ic. <LkU oljUJI ^aa^ jl Jc. (j-aii ^illj Current Law, KCL 
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Ajtulall i_ajj]=JI ^ ylalb lillij Node Jl o^A (j- 0 Sj^jUJI dljliJI ^jn-^n LSj^i 

jl^a. jaii ^/ 4ijjia]l si* tJ ia .(jjjlill 11a qa iiij , ■*< Sij^UI s^a ^ A^jjiall o_£a]lj 
4 BB Jo- ^lill J JiUI jlilll ^ J ii*Jl£ oLjiiJI jj jliL OC J 

ClljliJI £jn-\n (jjj Jjjill LSj^) jU^ BB Jl ^)^JJ (jalill OC Jl ^P*" f^J O^J 

^ U£ BB J (> ^UjUJI SiVu al l cjLisL.ll ^ dijjUiH ^j^aj BB Jl 

.1^ LSjU^ ^uUI Jlja^Vl J* jlull liA O e U KCL J ULiaj ^JalLj . 3-7 Jiill 
AikWI Cj];Ljll ^J-aa-a ■ allaaja. lA-liai BB Jl tJ it <JLc. l±l2a> lij V] <-»J3 <G JjSj (jls 

Differential <%>^ Si^Jall sIa aja^ o?.U. La qaj .S^UJI cj^Lull jc. 

. Overcurrent 

ja tj^yjjll jLJI J ^ Saturation £j j^. JLuaJ jl Si^JJi s^a l-usu ^jUL 

.BB 4j^j1 cr^ 3 ^ ci?*- 1 ^ ' . 4j| ^^jxj L" ' <JLuaJ 



\ 



a^mi u^ui 3-7 jiJJi 
Frame Leakage Protection : AjLjkJI 3-3-7 

Igjj^a .lajsu ' - Ua i Cj3j]l <_s^ Sol, ajj^/ jj 4 ja-lmjll 1 1 aj| JjjUl (j^i SijjJall oA&j 

JJac. djjia. ^icj t Switchgear Frame <J^ BB Jl J <> S-slii^l ^ 
' u^jfrl J] Frame Jl Ijsa (J^U. <> JiasJI jLj jla BBJI ^ cs-^J 
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4-7 Jiill J US Earth Fault Relay [64] g-jill o- jW j 3 



Frame 
l~" 

I 

I 



l 1 + l 2 U 



) ] 



I AC I 



1 7 I 

! J 

If=Ii+I 2 j-@ 



> 10 ohm 



I 



Frame 
Earthing 



1 ohm < 

Generator 
Earthing 



am 2%yij Jib Jl»e. <-iL££l 4-7 



bj BB J] 2Lifia-ll Sections J Jc JLktVl 
slel_>x AijjUl ai* J L-a-i j . ^ » aa-j Frame Jib ajja^ Sections Jl ei* 
j]| AjjLajill SAetall i aja^. £_« Frame -SI Jay jxaL^a jjj ^A^l w ; 

Phase Faults J U 4-^jVl JU^Vl i_iLSSV 

Earthing Resistance aJ aIj^j J^l»3I BB Jl Jc. JUatVl aJU. J <d ia.V 

Jl ^juia J^li jj^i L-Jjnnnll (JiaaJI jiu (jU 4 _ 7 (J^jjJI J La£ ^jJajj] (Ji-aj^j 4 1 1 aj * 

jj^ila jjjj^ Jl Switchgear Frame 
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Switchgear Jl cs^j^' <-ajli»j AjjlLo cs^jVl A-sjliu 

.64 j4j EF J aj j<uij . Frame 

i U 



If= I1+I2 



> 10 ohm 



I 



Frame 
Earthing 



V 




Frame 

r 

! ) 


I 


I1+I2 

n 

! «G 



I1 



1 ohm < 



Generator 
Earthing 



i^m Aij^UI Je, ^jU. Jte, jiib 5-7 J^i 



Directional Comparison Scheme aJLjUI 5-3-7 

jLull olajl (jla AjxjaL]I L_Sjjla]l ^ Ajl ^jAj i~<-«< Ajikia o_)£a ^jJc. .liixj Sijjia]| o^A 
AJU. j^ij 4 £XP-M oUjI ^ l^jx (jjfLl BB t> AajUJI iajlaaJI AilS ^ 

(jSlj 4 JkaJI AjIc. £2j ^ill kaJI ^ Jif^l (^Jc. jjjiu jjJ oUjVI Jhim°l (^j^k Jkc. 
Ja jkkJI ^Laa. ^ <Ja.WI J) (jii'Vijni jLull sUjI jli BB Jl ^jit JIaC til j^a. .Ajc. 
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AilS ^ jLull (jaSsul lij VJ j^>j BB -13 J^all SjLiJ jl jjiL JSJJI I^a <>j 
Jl ij^sl; A^aUJI Contact points Jl AilS (jkiu, aJUJI oIa Jj 4 glfti.nl X JajkaJI 

.ia^laiJI Jc. ajSjJI Directional Relays 




DCS ^1 %>UI 6-7 JSJJI 



: Differential Protection f i-i^b 4.7 

ja Differential Protection Jl ^1-ikU Jki ^ AiLLJI jj^kll aa«aI ^j]l Jc. 

Jj' -»"ll (j* liA A] (j^aj^ii..! lilj . BB Jl Ajlij JLa-o ,-i IjUiojl J^iS^/l 

LaS Merz-Price *ju»Ij Ja^JI AjL^liJI ajISJI jl^ lia-iLU Ujl (>aji jli 

gjU.j Ji.b jjjj c^jV\y jliJI sl^jl jli aj^jUJI JlktVl aJU. J Ajli t 7 _ 7 JSJJI J 
jl^JI <Jkta Differential Current Jl JUIjj < (o^) 7-7 JSJJI J US 
sUjI J CjljliJI (jjSl^ii Ajjiii BB Jl JlktVl a3U J Ul t Ij^.^ <_SjUy 
(JLaJs )7-7 JSJJI J US Relay Jl jlii A^i ^js ^Itslb, t (.kii J^WI Jl) ^ 
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Internal Fault 



External Fault 



oljUj <js ^ «yVi Differential Relay ^l.Wu.il Aj) 

< V l$i %>L]I a iA • 8-7 Jiill ^ Phases Jl AilS <> Ja^iJI 




Phases Jl JS1 DR f )jiS-l 8-7 JLA 



Phase and Earth faults JUa&SM g-ljjt AilS i_iUuSI o^J tij U 
.s^a. ^ Phase J£i o^aix Differential Relay 
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High impedance Differential Relay plJsi-Aj Ajla^ll 1-4-7 

Saturation ^>*n djj^ JSLixll o^a ^1 j^j .AiLJI ajj.^llj U.Wn .Ait 

^Jc. L-JjjkiLa ^JalLj i BB -SI ^jlt (jjj ls 2lJlL (Jiat ' ■ CTs ' - iVja a .la.1 

Differential jj££a - ji^all Jl J - CT Jl lift jLu qAss^ lilli 
liA (jill Relay Jl g-l^ J < Relay Jl Ji.b Current 

AiLilj tsAjliill Differential Relay Jl Jj^j t£>J ^aa <KAJI o^a jr^Jj 

.( 5 _ 6 J^inti ) ^^LjJI J' aa3l ^ alia i La£ Jljjll Jc. Ajllc. A-ojILo 

Ua 1^-JaxJ jjay&jji L Ju*\\ ^aljll J BB Protection Jl <^.Ijj J£LL« s.ae. l*5Ua 
?BB —St o^Jt CT -St Ori't 1- 5-7 

: t jtlia!ia_a (jUjla.1 (JIjjjJI IaAj 

.9-7 Jiill J L£ JaiJI Cy CBJI ^ Aikull J CT Jl liA jl <ji*ja - 
.10-7 Jiill J US CB Jl (Jj3j s>SU« BB Jl j*j jl <ji*j US - 

CT Jl ox J a u 9-7 JiSlI J ^allj JjVl %JJI U^U lili 

CB Jl £J3 j»JJ i "j JaaJI AjlSj aJojJ _jj 4iUuSI pluja CB Jl QUj ( BB Jl $j15 jj-aUJI 
4 iaaJ] (XP-^I 4*=>Jt (j- 0 (J^JI I^A (_La2 ^Sj jJ W "' L " tJljA ^Sljll J . 

Jl J jai JjLu lilUb ,ji tJ ixj I jftj t (JkaJI <]a4j ^11 JJJ^JI ^2 JiaaJI jlij jau.iu.i dlja. 

. BB Jl US* o^UJI CT 

oljliJI J^JaJ V JaaJI li* jLuS iTtjJalj ^KAaII si* 1 ■ Umj . BB Jl 

jLull 11a j^Jaj Laiu 4 (XP-^I ^?JI u-° ^aljll J jLull BB Jl AJiWI 

.Ljj£j La£ BB Jl li* (>a AjajUJI dj^Lull ^jxi^a 



230 



jUj (jl l-lsj BB protection -j a_^>UJI ajIsjII s^I jU aK.'^II sIa J=Jj 

a\;Vn J^u jJ llAj .Aji.jji« JaiJI I1$j (j^iUJI ^ialii] Contact Points Jl OJ^ 
. BB Jl Ajlij A^i jlVia tjAiJa IfrJ.VVu.il (jlaJj As-lla Contact PoilltS -II si* 




CT Jl JjVl jll 9 -7 
Jlill ^ (PUj « BB Jl Ajla o^UJI CT J A-utill a^ jll liaJLkU 111 U 

(JJJJ CB Jl jJJ Allalall ^ Jkc. JjjJa. AJU. ^ij .jaj jjx A&la S^jS t 10 _ 7 

Line Jl aJ^Ijj CB Jl ^js j] j»j3I <^a j^iiui JL«JI 11a jU CT Jl 
ajiiiu^ <_si]l BB Protection Jl aI^Ijj aL^s ^ cjSjll 4 Protection 

q-\ » .nM j . Dead Zone ^j-^ Alkia ^ JLc. ^Ll <j^ja Ua <j^j t ^-Lc- 
o^ojj • BB Protection Jl AiLia jj^-j jjaJj jl tj->; AlkiJI si* jU ^jjajll 11a 

BB Jl (j-o A2yUJI dljliJI ^ja^a (jx liA jLu ^UjlLuiL LLaC. J^JI 11a 

Lta (_jl jlij (JjiJ ^^C jl (JjiJ J 3 ^}! (JD^ (j-a ^1 (jj*^ U^°iJ • CB Jl ^7- aj 

■ Ujjia CB Jl ^ ' ^ CB Jl Contact Points aJUj 

. BB Protection Jl oULua. ksJI 11a jLu a^jS iwu.il 
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CT Jl^Gllg^jll 10-7 

Switchable BB ^ J Mj« 2 - 5-7 

BB (j^i <Li-lij]l ^ij^la JJJ'' ^JJJ BB iJM ja£l jj^i 1 gJJ i»* (j^-aJ ja^aa -ijaj <Ula. 

BB -II ajIs j] J£Lia Jj,Wu.^ Switchable BB ^s-a^ ^1 ojjSia sjj.^i J] 

aKUI jr^Uj .11-7 JSill ^ ifi-Vl J^tj .f >l BB JDLk j> P 1 at**. 
JUL, « \3lk* SW-5 C 13LJI Ijj BB-1 oULu^ 315* Ji.^ CT-2 jlii <jU 
.liSAj 4 jjkJI ja Sw-6 ^ BB-2 oljLri. ^ <Ji..ii jLull 11a jla 
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jjilaBBJj;^ 11-7 J^i 



BBs 



Jl 4Jij ^ Sj** jlSfl! 6 -7 



dllSa ^43 t Cll m u.ill J±-\J\ 4j-4^I 4j13 j]l jj^ la -Ixj Ajlii j]l L-iLuSj J JJjSII ^>jSj3l 
IgJji..} (j^ajjiall CjljUi^/l ^j-a (JjlgJI j»£]l ' ■ Umj Ajliij]! CjLojiala l_Uti-al Q^i BB ^jl^J 

CBs Jl AiUkxll oljUill fja tSlli J^iij ^Jalbj « BB -SU ^UJI ajISjII jl^ Jl 
2^ J 4jj«^a Jlaj ^fklLi liAj analog and digital inputs <> Uycj Ailikxll 

AilS '*';■»■ . 12 — 7 Jiill J j 3 laJ (jiJajll j»Uajllj .CjljLi^l o^A AaJUt ■> 

. Central Unit ( CU) J oUjkJI 
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Bus Bar 


HO- 

c 

1 ' 


*| HI} 

c 


*i HO* 

C 

III 





Central Unit Jl 12-7 J^S 



Data ^vWi i-uai . 13 — 7 J£*2JI Ski L jAj 4 IjjS«j Jai jaJ ^Lkj tSSlSAj 

Jiill j^i ^311 CU Jl U Phase JS1 U^ii. Acquisition Unit , DAU 

Phase Segregated -j <— L« - 1 •^"■■■i SK £^jJ IJU. 4^.ikl^JI jyUI 
V ily^j ( s^a. Jic Phase J£ <jlaj gjill 11a ^ s£allj 4 Busbar Relay 

Phase- j Aj-aUJI oLjkJI j^Jc. !>lia Phase-A J£j (j^UJI Relay Jl etal t-4>u 
Ajjllaxll CjLjIh^JI qa Jliij aKjUI Uiiiijin 11a ^Jalljj • Phase-C jl B 



Bus Bar 




J 

^ s 

1 


1" DAU ( r DAU 

1 1 
1 1 1 

1 T 1 

r-^ ' 
„ CU ^ 1 



DAU Jjii-I 13-7 Ji^ 
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4 (jj^a <_sV <^UI dlj.iV I (> Short Circuit oliLua. Jc. ijM jl 

jA AjU <Lajlaia j« (_pajilU 4 <J/^I (Jj^aill J Ljj£j La£j .4jliijll ■ lij a "Luala. 

(JUaeVI (jl LsjCj .(JUacVI jLI (j^i AjJj^ll 4_ajlaia *l)a.l *M 

{uu*£ JlkcSM jU Short Circuit Jl oliLia. jki i^aj j£l 4 ^Ijjl SA& Jl 
J <^>la. jjjL <U gjj J£j . Symmertrical and Unsymmetrical Faults : (jjcjj 

■ Ajl ) 1 l aa 

A42 VA_jjLjtj ' - Ua fj* jU-^Nf lj t LpLiLua. ■ - Ua qa (J^uj^/I SJjLaiall JUacVl (jl ' - Uaj 

. Jg-. U\l 11a IgJ lluaj ^ 

jliia.1 blil«3 4 4 alia all jj^abc. jliia.1 (j-^a. (jLajJal <AujLjjI 1 " ll jl i aa II si* 

lift J jlall jLjoll 

.JifUl 

R. 



1 ~ rated 

rated — , j 

V rated 

4 A 3 > .ilia jjLal 4 1 Lajjiua I A»J jliill I A* J aaJJ (_£a!I (Jjl^ll I A* ^jaLa jLua.1 (j^-aJ J^lLij 
De-rating -J <— 3>*J La sltljA 1 ■ ajj 4 4-ilc. I4a.ll ^ ^Jjlall j "-I aA. I aLc-lj-a Aajj 
1 . *d 4_j£aJ JjISII liA jl J-a A^tu ^ ui JJC. Jh; m jl JOa-VI II* <j£l 4 factors 
^jl j , ^.'a'^ ^jJalljj .La (JJaC 3 ajdj (JjIaUI IaA 0JJJ-a ^jjiall j i aSlI jLij A-aj2 (JxaJ 
j»Uaj L>a.llaj Jill sAall <_£La. <Laali Jifyl Jc. (j£lj 4-ajb ^jj i aj jLull li* JjISII J-aaii 

Jj-iu as j SjjIaII (jjja. ( Relay time + Circuit Breaker time) ajISjII 

jl t5 ixj li^i spill si* J!>La. jLull I OA (Jaaj ^ JjISII (JJi2 lili • sAalj Ajjlj Jl UUa.1 
La li*j 4 A j.^flll (JjlilLl JiaaJI jLu j* LalUa Al^ilL Jkt CjjAa. Aja_aJ (J^>ia J i a 
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Ijjuil ^jJt jj-aall jUj A_aj3 ^5<p3 Short Circuit Methods oLLua. ^IallJ a\<, 

4 2ulSjll aj^aj ^Jajjjj <L<aa3 AjjlSlI 8)ja.jll oAall jLu LjaJ J-aajj Jj <Lajh SjjJ-aJ 

A.ajliiaj jaj j^^aki J£ ^^Jc j 4 Circuit Breakers ^iljSJI cs ic. J^i; 

A jli^jll ej ^ I (J at J uilij (j-al a. _J-Aj dlLI uiaJI sA_A A .laA^/ a.1 4 aj tiil iAj 

J£ ^ JJaxB jLjj 4_aja aJj«^ 4_a.j^ j;lja_i j^i Coordination 
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3a fta * 



A 



JjVl Jalilt 



<jV j^Vl 4i] ac-jj 4 3-Line-to-Ground 4JU. JlkeVl <> i=aa £jj ^ 

4 a fi (jl ■ - ua t i_jl_uiaJI (J^-uj^/I jA iaa SI i aa 1 (JJaxll jlii 4_aj2 ^ ^^At^l 

jliill S-aja Aij*^] ' - <i A ■ — SI J^c. Ua (j^j .AiiAiill Phases Jl ^ <jLis jliill 
Ija (>j Single Line Diagram ^ ^ill ^ J^l»j]l tJ il ! <sU Phases Jl <^a 

' " ll jl i aa SI J}J_)la ' - ua ^ (Jg ..i^l l^jl Ula 
l^jl 4 IS i^Lall CjljLuiaJI e^A J- 0 *^ fj^ is"^ oj&laJI ^l^jJI (j- 0 -^p*-SI lilliAj 

<x£)jj CjULuia. (J^C aHaj L_Sj__)ia]l (jl La£ t U..'"' U"° -^J-^<-^ <a.tla (jj^J LaJJ 

.lillil IjAla. (jj^J (jl ■ «SI (jj^j^al] ajli Ia.Vit^ - AjjIj^] Ijj.1i 

(j^aJ ^iLa i ^JJ-^J ~l laAmVI jjc. 0Jjja_a ojja l^J 1 - ll jl i aa SI OJ^J SjjjxJIj ajjg ni,a]| jj^Jallj 
CjltLu o^aJ ^ISaiui i—lSlill ( _ s ia I 4 SaSj AjLo Q^i Ajj^o <JaJ 1^ J 'w*,,,! UiaC. 

jjt <aj_)la a lalm (ja 1 aSI oAA ! !4 jj <u jaj JJC. <a-UjSI (jl lilij (j^i l^ui^lj i IfrlaJ 

(J^a^lj i Jalajll dllla ^j-a 4jj^a ASj (JaJ Ijj-lj lj »l laJLjil Ija. 4Aj3j IfrSSS Sjjg " 

4 a i tall 4 2 j a * <a a 4ajilll jl lilll jx 

. Sjjg ni<iSI Per unit 4j£>ial aju^j 4jia.|^4] V^l <a.Uj Ujla aI^LS! o^a u^jc Jj5 

Per Unit ASj^a -1 
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i_]l_uia. 4i£ uix (_jl iilL)A (jLS La] i*iKt dlVa-a all -ij-aj Vj-J 4-jl L-SjjjcaII (j-a 

djl£jJJL j . «a£ll *->bW 5 ^^Luri. j^i ajjxj-oII ^ oVja_all jSl Short Circuits 

j»j (j^ij i (_£jjljllj ^jjl^jj^/l LgJijLa. ^jJt (jjilia-a (jjAga. LgJ (jl ^j-Aj £j-A^alj t ■ iuhI lillij i 
dljjl joll L-ll maJ ~ \ JaJjj (jj&j ua ^j-l] la S3 -la.lj Jj a a J J-a.j 4-lla. ^j-S lill - uiSlj 
t a 4 ^ j j t " ^ ^ 4 l a ^ ia-)J (jl la ~ j (j-aj ( £ ^ a jj A^J uj nj l j (jjjSj-oj 

4 (j-a <_gJ-J (J j - » <J_£ (jj <_Li . I frijlja ^ la 4_uLuiaJI OLiLaxll - 7- a (jj£i-uj 

.<J^jlii]| Cllilall -L^a. L$laj3 ,jC 4ilia_a Cjlajlia <Lajil <Jj|jjJ^/l Cllilall 

4_ajliall -iLa-i] (j^-aJ Ajjlfr *>^^ yjlj (_gl (Jii« ^ j i gaJ i a3 ■ " iVj a all (j^i 4<i uill Cilia jj Lai 
jl (_gjljj]l ^ 1c. CjLajlLallj Jljjll u 1c. CjLajlLall 4 laJ mj CjLiLuia. 1 " ll Cj aa aj LgJ Ajal^all 

.Thevenen ji Supper position Jia ijj^W JaJI J^L ^.laiJj 

(_>u_luV|j . Per Unit <L9£)]a (^-A lL^j -sail <Kj^La (j_a (j^l-Vl 13 ajj^-^lall Jj^-kll -Lajj 
■"'•'< La£)2 (JjJa (jXJJ 165) lAjj (jl '-'^ jJ tdjli lAa. S U ; ,„i Sij^UI si^J ^Lvtaj^ll 
<jV 1.1a. j ; . <a3 l-lj) (jl (Jj-iij J-aJ L>^-' "' O"^ (f-""150) (j-C- Ajjla ^/ (_$a3I jJ-axJ 

(jV Aa.Ij (j^ai_ijj ^ If- - II (jjlill ' alla-Lm Ia£Aj i ja-ua 180 *^ Ijj (_jill -1-aa.L AJjIi 
j»-^160 jA ^^jjjUall (Jjiall (jl: !iliLa U33j <j*2k^a3l ll laJ jaJ j] Lai 4 alja a ik. 4 w-^all 

JJ i JJ-^C- (jlj 5^*3 <_Ljla Aaa.1 (jl Ai.1 ' alja J (jl lAAlxj 

J _oa-all _oJa . Pemnit -11 ^ij>la ^ O^j^all 4K *i« Ja. j>J Jljiall lift (jjjj Jcj 

High V. Side -11 Ajj^iia Jj^l UJju* ^jZh AijU^a <J jl 1 JSjSII ^ 

Ajc jLut^l ^ U'^ I'll 11 La^jli . LOW Side -11 Ajjj^ilall Zl AijU-all (jc I_i3jaj (^Aj 




1- 
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(jl LiA "'j Zp U n nil 6-lJ.la. 4_aj2 jliic.^/1 ^ ikllui <Jj ( liUj i aiA ^/ Ii—llj^JI 

tjj^ all Ia Ijj ^^jll 4 ajSlI (jjjj i^LJaalm (J a!3 (_£^jlj]l i_ljlaJI jj^i l^jlj Cjjlaj j] 4 ajSlI a^A 

.^IjJjVI e_ljUJI jjx 

:l^LZp 

.u ^-*J*- > J 



V — 

pu "z " 



Base 

^Base HJ^J 

y _ ^Base 
■^Base - T 

^Base 

Jv. lalaj ^3^1; piillj . V L ^jjtill ^-uUJ] U V H ^I^YI S-uM V BaS e J 
' ■ ' maJL.a 4^j_ii]| ^ CjLajliall jxi3 (J£ ^jli A^juill ^jj^aUc. <J£] oAi.lj 4 ;t -^a (J^aJj .iBase 
.4_aj3 (_jl l^J (_pa^ai ^jl 1 jj£ aJ LiiU 4jj^j Igjl LaJj ( MVAg ase ^ a > aJ *-iyO 4 u.illlj 

^^.2 £_LaaJI L^J 4 afc-* a L-aJ3 jj^ai-ii jj-a JJ^I (_>^>2 jj 4_:l ' "' y'< (jl <U_j£_uij S aJj 

.Refernce Value t^-*^-" pi) ' <-g>^ ^ ^ ^U-^ 

:<Jtl]| ilhUtJI ^ la£ MVAbase V'J 1 *-^ Zp. u i.l.nVlj 

p.u ~ Cl ^ 

.ajL^Iall ai$J Ajj^jjjII <LLcajl ^ a^Aj 

Zp u ' . 1 ' aa j3 CllVj-a all ^j-Aj 4£j uill j . ,-iUc. i_ix_i-al ^ 1c. 4_Sjjia]| o.l_A ^ l-ljilj 

. Jj^ all 



MVA B 

p.u = Cl 
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(tS^L?- Jj*a-a 4_u^£]( AjUaJI ^Jaj 



U f ^Lu,l lili .jyi V rfjUyi j .?Z H <J Z L ^ Ja f Z n ^ L. : >a jVI JI>Jlj 

jjLij (_£>-a.l y—o Zh J it)-" Zl Zq jl (_pa^-ib]j .4_jla.^/l (jji^j i jLiaaj m 1 fl^'ifl 

. jtjjjLuila Logjl <_s-*J aiaAiall i iitlCil jiillaJI 



••Z pm =Zl* 



MVA 



B 



kVr 



MVA B 

Z p.u 2 - Z H 



kVi 



H 



'p.u 2 



kVr 



\ Z H J 



=1 



^3 j i aj& (_jl (JiLa (Jj a all ^ j • i ai ■ " ll jl i aa ll p U ml iiL)l J-a.1 ^ i» aj 

S_iAilaj]l ' " ll jl i aa II La£ j JJ « fi (_>uJJj ,Zp U ^^A laSi o.la.lj <Lajlia 4j jl j^jx-aJ <La jjalall 



CjLajLLall (J£ jaji Lgjll £-=^>j sAaJj 4 Jjt Li] jLwa jl 4j3Jjla]l a-lgj 4 J > aim 2 I ojjJli jil 
^jLjU Jja_al] Zp. u jl Jj3 lili liA ^jltj . Jja_al] ^Hill ^ JjVl S-uUJI ^ s.l_im 
^1 (^jI^IlII 4+uulL Zp. u <^A 4-4^1 oi* Cul£ jl jLu jl ^jjiw tSSLiA ^Hila 4 5% ^Aia 
4 la a 4 .a -^a ojAa] 4 jj i aa " 4_ajk]| oAA jl t*lL)A La <_i£ j£] . JjjJ lilLiA aJ li ( 
cs^l Prated 4-aJ3 j' 5% <_SjLu" J>a-all Z p . u . ji JjiS Ciilj JI^Lj 

4 ajSIl si* UJ laJa C-UiLaa 



. MVA B >j!L UJI ji^j .4^il] MVA (Base ) o^J^ 1 ~1 

^SjLaJ Vease Cir^J- 0 W jAi 4iLkia J£j t (^jlaLla) ZoneS ^1 ^IjJill ^3 ~2 

^jjlill ^jjUJI ^ V B Lalu t V H cjA ^IjiVI V Ba se J <^»^ AiiaioJI ^a. 

■V L 
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X -X (1) 



X —X (2) 

p.u new p.u oU jy^yj^ V ' 



(j-a 4_ijj»_a]l jjIjAJI (J-^j laJ mjj Jjj LlJ X e q. 4_J3l^a]l <-ajlia]| 1_J ma, I — 4 

jaSi <LajlLa yl^J ojjWI ^- j i aJ ^Ja (JJaaJI 4 jaflj ^"'^ AjJilill 

MVA s .c jjuaall Sj-sa i_b^.l -6 



MVA Method ^>-2 

MVA 1$U j»j Per Unit ^iy^ (jl <_K LsjliB ' cr^^U '-^j 

. l^jl j jShll method 

MVA B uHh* 1 tPJ £^ V iijjUl oIa jli Per Unit Aij^a ^jJcj 
li$J Rated Power^jjLJI s^iill ULL M ^ <-aja j ■ aj& <J£J <_i i.Vi Jj 4 
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4 LIS3I J^JI i— ilj ^ Per Unit Aij^L AijjL]! saa < L»£ j ■ 



(j-o (jLtj Ail La£ 4 Ai jjx^ (rated power) AjjLJI l^jj^a jjSi jj-aU*JI oiA l^ij 



MVA 

M(gen,motor,transf) = ^ (3) 



i 0.02 pu lSj^ 4>« Xgen J o^-As ' 3.125 MVA J£ oj^a j t 2 

3 125 

Ml = M2 = = 156.25 MVA 
0.02 

A^-aUJI M (jU 10 MVA SpSj J>a-s <j^4 Uj4j*N J 2-Jiill L«S li^ajS jlj 

U£ (M4) Jj^JL 



M4 = — = 200 MVA 
0.05 
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S(gen)=3.125 MVA 
Xpu = 0.02 




M4 




T 



S(transf) = 10MVA 
Xpu = 0.05 



2- 



V Ua UjI jAj 4 ^ijjx^ll Per unit <L)L jjjj aI^UI si* jjj JjVl Jj^ail 

.Aj 4^aUJI Ajjlall Spill 



iliall (j^2 liUiij 4 fjVb ^ajlLJI ^ Cj^U^lJ SijjxJI Olajlx^ll JjSj i_llUll ^3 



M caHe x ^ 



(4) 



. Ml & M2 J fcttLJI ^1 ^ M3 ^ . 3- JSill ^ US 4 
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Lai < oa^-Ij A-ajlLi J*s .till JjiLi Cul£ ^1 per unit <ij^=> t>t 





M2 



M3=M1+M2 



T 



3- 

^Ijill ^ Cx^j* f^Ks ( M3 & M4 J 



M5 = 



M3*M4 
M3 + M4 




4- 
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Generators JLkc^l ><™ Waj lilj^ill 4ij^k]| (_>uiij j«imi Ia£aj 

(_j.lt i_uS SAjJa. <jal£a ajJaa J£ i JJaxll 4 L5j oI^jIj and Motors 

aJUa_uill (jjSluj IftAjtj 4 J kail A jaSj ^jJJ Ajl^jll ^ji J i iaj ^"'^ t ^Ik-iVI jxujjll 

1*1 ^j-jll MVA s , c uti ^j-A JJaxll A_kaj ^jJJ i'lKj ( _ fr jH AjsIUI M J 



5C S{kV) 2 

lilljlj I 5 ~ (JS ni (_i 'LojjjjaII A^j ujlj^i atic. jLall J ■ jLij 4 <i jS i—ll ma ' ■ lj Da a 

. BB-7 Sic Ji-a3 dljJa. JU. ^ 

.5- US ( M14 J] M2 ) **f^ j—^ 

M2 = M3 = MVAraterd = ^jj^ - 156.25 MVA 
X P . U 0-02 



' 1 3 '7 ' " ,V j;^ all 4-iuiilljj 



M7 = M13 = MW ^ = J2_ = 200 MVA 

0-05 
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(tS^L?- Jj*a-a Ajj^£]I AjUaJI ^Jaj 



:3.3 kV Aikia ^ 4,5,6,12 <4j c£U£Sl a^jWjj 

M4 = M5 = M6 = M12= ^ kV ) =^- = 605 MVA 

X c (n) 0.018 

^uaa JIjIIjj 4 Cl]j2 400 A^a. Aiklo ^JSa 14 4 9 4 8 fSj lajlaaJI jl Cj^jIUI LI 

M8 = M9 = M 14= ^ , = = 8.9 MVA 

X c (n) 0.018 

Gen-3 , Gen-2, ^ JLJI li«J ^uiixll jli BB7 ^ > ^ill ^ 

. Motor- 10, Motor- 11 

JLjIIjj 4 BB7 ^ Jixll ^ ^Ly Static Load j ^^21*11 gjill J -ka.^ 

(_JjLuij 4JaLuUj l^j^/ 4jja.li ^ajlall M ' . A i aa j jaigj jjla 
Jio2 ^j^iS J -lajj 4 Sia. ^gJc. J^-aiia Branch £ji J^J Iajlj jl jjjaj .1 

BB-2 .> M J Vji jl 4 IaSa, _>Vl g-jill 

(JlaJ t __Aj 4 MB2 ^^fT-ajJJ Upl tjjf-aJ BB Jl f-uib i fljfl uiu ^gjilj 
M4 j M2 <L-aa_a (jc ojljc 4 j . <aall lAA 4_iiij ^ Geil-2 A^aLuia 



M52 = = 124 MVA 

M2 + MA 



,124 I ■ iajl MB3 L-llmai -"'J ■ (jjiiijj .1—1 
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U- MB2 , MB3 J ^ « JL»JI <>UjI j^l ^ j^lj . E 
^jLjij BB4 (>« A-^jUJI 1 . ^ *a Jtilljj i csjjjpll (^Jc- LaAj BB6 *U>il 

MB4 = MB2 + MB3 = 124 + 124 = 248 MVA 

f»J 4 M6 —7 ^Ijjll t^k- J*^ MB4 jl Aaj JiaaJI oUjI JJ^JI Ajutlajj .J 

MB4, M6, J ^ MB6 jU JtslL, , M7 ^ LjJ Jlysll Je, 



1 111111 

■ + + = + + - 



MB6 MBA M6 Ml 248 605 200 
:.MB6 = 93.6 MVA 

I BB-8, BB-9 Cy ^ a-ojIS3I La] ..a 

o^ajj H:» ' MB8 , MB9 ^>J\ ^ 

.UJUa] 



M 5C = MB6 + M58 + M59 « 93.6 MVA 



: .j.^rt JkJI jUi Ltt 



V3V, a/3* 400 
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•Per Unit <ij>l=> ^ La£ SjjIaII . an J^c. Qjj j ^jll cs Jc ^ <J£ J^JI Ji^V 

.jxujjll t^C- \ i aj| S^iSlia (JiaaJI lift ^ (J^ 

ShOlt <_5jl^a Q^aaa ^ ClIjISIIj O^)^ flll J (ji Ja^V •/ 

A^alW j ■ aSlI ijyujua (j^aliijl JJ-lj t Uj]j ^1 ^ CirCllit 

. -kaa 93MVA ^-V J] .i^USllj <J^ 248MVA 6- olJ^I 

^ jj^j ^w^»a oj^ <-£M^ SC Current Jl ^ jLii 
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Motor-10 Motor-11 



40 [ 400 HP Motors] 
X = 0.25 pu 
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B 



Unsymmetrical Faults 
Symmetrical Components 



Ij^lt Lajlj (J laJ i ai (3"*^ O" 0 Cj" ^ a ^jS <JJ lil ^11 i ialj all (_K»xj iiIU& 

^jjJajA ■ «a|j all a^A ^1 U^J" (JUaC-S/l < ; ^>-aj Liju ^)Aljla (*^J ■ ■' Q '' (jC- 

iajll (jj^lall ^ ^jajJI 11a ajaa! c >£j dua. 4 Symmetrical Components 
AliLia jjiii JLktVl aJU. ^ 3351511 Phases Jl Jc. jUjII ^*ii>j c*^ 

. Unsymmetrical Faults 
: 0^-%^ Jj^Aj Lajt^a i Phase-A Jc. (jSLJj 1-L-G J" Jla& djjia. 

^jj^jUla <iuij j£j ?JL*JI ^ a£jU1« jjc ^cj (£p.Vl phases Jl JiGj Ja 

(JliLall (JjfuJ u^ 1 "') <£jju»J1j o^j3lja]I ' " 'Vj^ all jijtj (jt Jl^jkj; Jl All i L 

jji^j V Iajjc-j -UWtfl oIa J£ .?JJa«JI jLu ^Lojs Jc («1J jtluj/ lib jl lib/jtLui 
Symmetrical Jl £^a>a jjj^L £e W^W-J f»*i o- 0 ^JS^I ch^ 1 ^ 

. Components 



a$j jjc Jc. V (j^J <_jWI 1—kala.ll A Sajjljj mj Ifrjl i aa jj^aJ Ajltill £lU uiaJI L_llc.| 

^iia jjl $.l_)a]l (j^i — Jjjj (jj — Q^, nft lllj ' " 'I jl i aa II oIa wSljj jlj" (JSul Jt 

. I^jIc. dllajlxjllj Ajjl^ill ^tiill Jl abulia (Jj-ajj lllUl mail (Jjj-alij Jjj3 
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Symmetrical Components -11 ^u^u-i B-1 

Unsymmetrical <EUl« jjc. J£ jl ^Lul Jc. AiyiJI 0 a& ^IvVu.il s£a 

; . AjjLila jjxjI AjL I Quij £cjjj 

Positive Sequence Network 
Negative Sequence Network 
Zero Sequence Network 

Zi, -j I^jc jjxj Aiiia-o Impedances l$J <— lSISU cjl^ill a£l3 J£j 

.l^yajj (^11 Impedance Jl (-dull ^ AiliLa ^ .Jljill Z 2 , Z 0 

Sources aSX jU ^ L ait Unsymmetrical Fault djjaa> aicj 

• (Vfl, Vf2, Vfo) : jj-°J^^ 1 _ J^ill Ifr! j-ajJ JiaaJI A_kaj Ait h'u . i AaaAj 

jfrlaj j . Positive, Negative and zero sequence voltages Jljill ^s-^j 
Liii L«£ . ylaliall sequence network Jl ^ o^a .a=Jj J£ 
l^jc. jjxj aljlu djX jjj^ Impedances Zi, Z2, Zo j»j <>j ' Sources -31 

■lc^l^^ (Ii, I 2 , Io) - 
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Positive Sequence 
voliage j- 1 — 2 



6 

v., N 

I Vv\ 



V„ Positive Sequence voltage 



Negative Sequence 
voltage ^i—V' jj^ul 



I w\, 



Vf2 Negative Sequence voltage 



Zero Sequence | V*) 
voltage J-Vi >»— a 



I Wv 



Vnj Zero Sequence vi 

JiuJ'i Aiki jfe jll 



oli^l ^ Phase-a jlii Bl Jl^s 



Aj^Iaj] UuL 4jjlila PhaSeS ljj£a JjjLJI J£jjall (jx sja. JS (jj^J U' 

4 iaia Phase-a lia^j jaa Ujmnl jSlj t Symmetrical Components J 
. iaia Phase-a <js i-ua. Single Line Diagram Jlill JtilLj 
sequence Slilila jjxJI ajL^Vi s<_.,*,u J;U" UjJ -ol j=J ^jx-»j 

: (jJjjII Jc. j=A currents 



Positive Sequence Network ^ >«j cljlii I al , I bl , I cl o 

• V a i, V b i, V c i W2 

Negative Sequence Network ^ cjIjUj I a2 , I b2 , I C 2 o 

•V a2 , V b2 , V c2 Wa ^ ^1 
Zero Sequence Network <^a oljlu I a0 , I b0 , I c0 o 

• V a0 , Vbo, V c0 ^ J&\ 
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tliX (jc. sjUt Positive Sequence Voltages (or currents) J SJi^La ^ 
. ^jlc. Three Phase J\ J*» a^j-s 120 p*i"s jt^l <^ oyj^ Phasors 

Negative Sequence Network jj^jJI Voltages and currents JLoIIjj 
(jtjiit Phasors -II (} jAj .iaJj JjjU ^ < ^jlc. Three Phase <_jl J*« L^J ^ 

Sequence Network a^j^-o 5211511 acj^JI ^ s^jJI Phasors -II La! 

. oUj^I (jab f>*j^ jIjLJI (^i jjjLula jj^i Zero 

Positive Sequence Network j a-^UJI V a i, Vbi, V c i 
Phase-a aJV-ij aj!j£ ^\ Ssk sL*jVI ^ iaaa jj°Vu «j jl^LJI ^ Qjjlm'o 

: aLLlJI L£ 

v al =v al 

V bl =a 2 V al 
V cl = aV al 

where a = 1Z120°, a 2 = 1Z240° (l) 



. jljLJI jjij Jag alaoVI jjij (jill( a ) jliLalb alaoVI jjc (j^ua 



^ U£ Negative Sequence jjIjJ ^ jLullj Ciljill ^ Ajt& JlJLj, 



^2 = « V a2 

V c2 =a 2 V a2 (2) 

:«UjVI (juii ^ Phasors J cjlikja Zero sequence U 
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K>0 


= ^0 




^0 


=v fl0 






= ^0 


(3) 



l + a + a 2 =l (4) 

^ I a i+I a 2+Ia0 ^b^ 1 
<£±Jo]l ^ jLJI I a ^ 1 1 I jliill ~~ LsaL^jI It n-\ aa — (_JjLuli <jJaj£ia]l l1£Ij]I 

La£ JIoj ajIjS^o jjjj La Phase ^ji Jjlolo jjill jLull jjj <aX<Jli jij 

la = Ial + Ia2 + IaO 
lb = Ibl + Ib2 + IbO 

Ic =Icl + Ic2 + IcO (5) 

3251511 Phasors -II jli (3 j2jl) c^-ilxJI ^ ^Jalj ja LSj 
S^y all LS Ac ' . uS3l (5) j4j <tal*^]l SjIcJ Jtillij 4 iaaa Phase-a 5JV^j 

lAjtill 

la =Ial+ Ia2 + IaO 

lb = a 2 I a l + a I a 2 + IaO 

I c =a I a i+ a 2 I a2 + I a o (6) 

4551511 Sequences J J>c WJl .Laa 0 j 2 j 1 flijtfl <jtiSj Uu»<\\\ J^i (>j 

li« Ujbtj Lj ajIIjII CjV^Ut-JI ^ Li piill ^ <_sill a <-a>»JI ■ . u£j (jlj 

rj^ill 
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+ I 2 + Io la = II 

+ a I 2 + Io lb = a 2 Ii 

+ a 2 I 2 + I 0 (6) I c = a h 

(cjljill J) Ij , I 2 , Io Sequence currents J {>J jl J] j^h b#4s 

ULL aj^I Phases (dJjill) intuit Aij*^ ^ l^laUiLj 

V x = l -{y a +aV b +a 2 V c ) 

h=\{l a +a 2 h+al c ) 

V 2 -\{v a +a 2 V b +aV c ) 

h=\(la+h+h) 

V 0 =\(V a +V b +V c ). (7) 

Phase Aij*^> <> Sequence Currents a_*j2 ^tlnJ ^iljl^ aA Jj\ Ji*. 4^k±i\ 
.^Jl ^It LLj aLLJI c^U^ll . . a (j*£x]lj Currents 

,_gl]| jIijII ja Zero Sequence Jl jUj jl 7- aLUJI L^j! Jia.V 
Positive : ub^VI ob^' ^ ^b^ t - J -^ ^?- 4 ?- a ^ s^Li* A^liii J*ilL 
jjIjj J^c. ^jL Jj spLw L^Lia jSai V & Negative sequence currents 

Sequence impedances B-2 

oKu* d^jj I^JAoj (jLtj Unsymmetrical aJjULo jjc. a£^S <_jl jl jVI ts 2^ baijl 

: AjjLila 
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Positive Sequence Network 
Negative Sequence Network 
Zero Sequence Network 

Jtilljj t Ailii_a Impedance 1^1 Lili s Jiaj ^liill oi* ^ <c.ja2>_« J£j 

oj^lj (jjalaj V ^1 oIaj i Zi, Z2, Zo Impedance UjJ 

oA^J liA - . ^r'Viall ^Ii a^ll (jji I 3 jlc J' aaj lilj^lj AjjIxJI ^j-cUiil 

^ (jl Ai^Lo ^0 4 tljill v>iiio (^i Ailii-JI j^UaJI Impedances 

Synchronous Generators ^>1J1a21 til 4^*11 B-2-1 

: ^ j (>jll £-» jjiS ^ l$J aijJI ^ Reactance 0' L - i jj*^ u-> 

Xd" sub-transient reactance 
Xd' transient reactance 
X d steady state reactance 

4 la a Aj-la. Vir- 

j»l salient Pole ja Jaj t jAj < (j-ojM jjc- j^-l j^Vi* ; jiits 4ijl»*3l ^jSj 

?Round Rotor J gjj ^> ja 
<Jj^ di> u^°i5 ' Round Rotor <]U. ^ X2 = Xi £i <Jj*N L»>»c.j 
Xo Lai ' ch^j -W*^ <-£taa>VI (j^3 salient Pole <SU ^ Qfiifo « QiLuSlI 

. X2 o- 0 JsljXi (j-o Jal Lajb 

J^tJajkk B-2-2 

Xi = X2 = 0.8 ohm per mile for Single conductor TL 
Xi = X2 = 0.6 ohm per mile for Bundle TL 

. 3:3.5 Xi jjAa. ^ <jjSj LJlcj a « l^LiuSa Xq 
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: cjVj^l B-2-3 

. AjjLuiLa <jj^ Xi : X2, Xo 4i£liJI jxiall 

Vjlafr di j^k die diJaj I ju B-3 

^Jaii lit ^loAj Sources j^i ^ Unsymmetrical Fault Jl djj^ t .mnn 
Jl J\ Aia^U ^ ( Positive, Negative, and Zero Voltage ): J1=*JI 
Positive Sequence ijj** IJlc. ^ ^ aI^IL s^jJI 4jL^>Vi Sources 
<1££ j^j <jla Voltages Jl o^a Viijj .B-l Ji^ill ^ ^Jalj ja L£ < Voltages 
Jl ;Lua] ULL I h I 2 , I 0 JIjjII (Jc. ^ ii£Aii]l Sequences Jl ^ Aiiii-a oljlii 
<j-aUJI Z Jl ^Ij t JL«JI j^.^i«]l ^ Sialyl impedances 

Jl ^tljil liJa t*l]jj t S-ii. Sequence J£ ^ ^Jl oVj^-JIj I^jU^Wj 

.3ijj*JI Reduction 

o^ja-JI ajc^ jU Zero Sequence Networks <1U. ^ <jl _>«Vl ^ aj^jJI c&j 
J-iUJI AJaaj (j^D^ AalLkxll JjjUl c (jd] IjL/j^ ^ jtL^/tiL jA Ja) 

Zero Sequence SjjI-J <jsI£JI Zo <^ ^ La^U. jj^ i J£ t J j^-JI 

.Networks 

^Vj-^-lb^aUi! z 0 J*-j2 B-4 

J] X L , X H LaAj Leakage Reactance <1 Jja-JI ^U. <> J f t> 

SjjWI ^ l*- o^A; X H , X L uls ' JliJI ^ High and Low voltage sides 

Xj jL^aJi.b jl Xxransformer -? ^I- 1 JfSj ' J!>^ cff^ Jj=>^ 4jsIUI 

: AjMI ^tljill ILla <£ijJI ( H, L) I "j*J^ (>> J ■ s^A Xj (j^ U^li 
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(I B2 JLi) 

(B2 i^SJii .(jiajVlj (Jj-^JJ • "Ijl^ (J^ajxJI Jja all LiW' Aj^U L_Sjiall (3 

4 1 1 <aJ a <1 Jjlajll 4 laSj j jtiui (Jj-a jJI J all 4-"^-" 4j^lj ^j=>.ja1I i—ijlall (4 

^B2 Mill ^ La£ <L«jlLill (Jj^ajj : " <L»jlLi q* 
jilajlLall JIjjII ,Jc. ( I^j jaj 4££ill phases -life 5 3 ^ Wi>^= 

. ( Xt ^=jI tpll jl Xl, Xh) (jPM^ 



I 



A x, y 

rv-v-y-N o 





4 L > .-1 A^ajjtj 4i£)Jal UjJa (J all ; <j-aliJI Zq (Jlj^aijl Jjj^a B2 (J^i* 



.B — 1 (JjAaJI ^ji CiiLli-ajjll <J£ ja^S (j^aJ (_ylljll-J (j^-aJ -Itljall si* (jjJiaJjj 
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B l Jjj* 





Three Phase 

Connection 


o Winding Transforrr 

Zero Sequence 
Circuit 


ien 

Positive or 
Negative 
Sequence 


a 






L H 


L H 

^ z L Z H ^ 


b 




H Z nH 


L H 

««V-^v — v\»-°-fo* 
±3Z n „ 


S, Z L Z H / 


c 


— <T> 


h\ — 


L H 
4«V\V — »♦ 


\ Zl Z H / 


d 




L H 

\ Zl Zh / 


L H 

\ Z L z„ / 


• 


ZnL L 


H Zn H 




L H 
V Z L Z H / 


f 




L H 

\ z L Z„ / 


L H 
S z L Z H / 


g 




U H 
\ z L Z H J 


L H 
\ z u Z H / 


h 






L v H 
\ Z L Z H / 


L H 

\ z u Z H / 
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CjjLuII LjL-aa. B-5 

Symmetrical J ISJaj Ajla t oLjlLJI ULa! lil Xi X2, Xo ^ .ipaj ^*j_s 
La aL^Lj U>Lii^sj5 pi Aii^l Sequence Networks Jl jla Components 
( <_sjb^b J <_sjl>^' J J!>^ u_& 

1- L-G e^ 1 <>J1* B-5-1 

iaj^ 7 j4j AtaUJI (J^j^Ijj I b = I c = 0 oj^ JLk^l ^ ^jjll I^a 

Jl (^iu IIaj I 0 = I2 = Ii jl J\ ojjL^" f*J£ Sequence currents 
. IB 3 J^ll lt£ Jlysll Jc. IjL^ij J Sequences Networks 

2- L-G e^c>J^ B-5-2 

v>u,i 7 fij aLUaII ^ (jiajjajlljj Vb = V c = 0 oj^ J^L^I o-» cs^ 
liAj Vo = V2 = Vi q\ J\ ojjL^a Sequence Voltages jl 
^ L£ csjli^ 1 |>Laij J\ jjV aj^I Sequences Networks Jl jt cs-^ 

. l_i B3 Jiill 



L-L £jSM <>J1* B-5-3 

= 0 J flml\ I b = - I c V b = V c 6- fcpll ,iA ^ 

Jl jl liAj Iq = 0 (jlj II = - I2 (jl . V> i » n 7 ^Lwll ^ (j^jajlljjla 

Negative Jl j Positive Sequence <jls Zero Sequences 

•j;B3-J^JI <^a l«£ csjlj^l cr^ ^ (jjL^ia Sequence 
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A 

L 



z, 



V 



■a; 



Z 2 
AW 



V a0 




r 

t 



AW 



o 

1 ~ N 



Ailla^II JLktVl cjVU ^ aSIjII Sequences Jl B3 JSJs 



J^aL* Jlla B-6 

.(JjLilla yt- Jiac 4 -s 4 alia all a^t.'ti elj^l 

Cliy^a £i)is ' Jajlaa. dlWjx 3 jxJaJ lip] 4 _ JLill t ^ia 

JjjL ^Lij ,ji o^A ^ VVu.iflll O^a-oll ^ J . AaJj Load 

MVA base = q^lJ ^jg. j percentage j slkx^ X gja ytj Uk. 
Base jU iJ Mj j c^iy^ High voltage side Jl ^ 100 

■ Voltage = llOkV 
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Slat on-X 




Station-Y 



B4 Jl^S 

^jc. l-L-GciiaC lillj-la. <Jla. ^ a ,'*,'^J tj^~"*^ i . lli jA ' ■ IjUaxllj 

. BB-D 

Positive, Negative, : dxXA\ ol^l ^ LSb <_M ^ ^jVI 
Lub Positive, Negative Sequence <^a^L» Zero Sequence 
. B5 Jl^l (^i Positive Sequence ^ffiu.i lilj LLu jj$jLiia 

. B6 Jl^l ^ LaS Zero Sequence Jl Uj 

L^io ^ii^i (^j^ l$J Reduction K."".'"' J- 96 - J jUi.n ol'su'^l oi* 

.(Jiutll <Iaaj Jjjj l^J (j-aliJI Supply -II (JJJ <l_a j^i o^i.lj Z ^l^J 

is Ig >>«T;q Reactance Jl oi* (jjj oliDUJI S iVu » U^lji^ ^jLILij 

Xs 

Reduction Jl <jI»c. Jj$^ J] Jj^j jl jl «iAj -tita J^i j^lc. 
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Positive Sequence -SI B5 jSui 



Station-A 



r^vAAr 
J9 



.8 



Slation-X 



-V\Ar 
J35 



-Wr 

J60 



StatkxvY 



-Wr 

J120 




J52 



Station - D 
J10 



/77 



<LaLall Zero Sequence Jl I B6 
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Bus-X J 120 

(4^1 ^a^uj^, Zero Sequence Jl <_i B6 J^i 



4 IB6 JLill ^ <L-ai« yj^aj 4-« Zero Sequence Jl jl 

.B8 JiSlI ^1 Lul^ IgK.""/' 
j=j J3 Station -X J Jp-alLs 2^>yj| X 0 J - Jll«3l lW^ 

.i_iB6 (^a Sjja.jJI Zero Sequence -II <jL JlalUj 



jaJ l^Jjj^J J>Ija]I till]! (Jklj jtlu j»J^>J jtlu: Jl til^ j« (Jjj^jll (jla JjS-Sillj 

. (B7 Jiill J U£ Z jjlj 
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J60 

jIIlu tsb (>« Jj>^I B7 

Positive JS3 J^j-aji] Ijja jj ^, 1 \<j^"\\ ^ 

^ L»£ JJa*3l Aiajj j^>JI <iaaj and Zero sequence Impedances 

.B8 JLS1I 



N 





Positive and Zero Sequence LlpuS B8 Ji^l 
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Zero Seq. : 4 >»jVI 
Pos Seq : j-uVl 



Lull <L&j£ ljIua 



^kj (j^lj ' (j^j^S l3j. ■' t^lljj ' Per Unit -J bjjma^a jLiill 4-aJa L-lL aa ; Ijjj 

(jl ' - Uaj . B — 1 (jl (j.U'i La£ (JiaxJI 4 j nil *i all sjjWI ll laj 

Positive, Negative and jla SLG ja Jtt-ll ^ JkJI 

jla Jtilbj . (^Ijpll IjL^>jj Zero sequence networks 



V 1 

L - 1^ - I n - = = 2.22 pu 

Z 1 +Z 2 +Z 0 0.184 + 0.184 + 0.081 

• Ibase c?3 4ijlui]l 4 ajSlI l-J^Jaj UjU jjia^lj J lull 4-aja <ajx^]j 



VA£ase 100000 0jl 
base - current = = — p= = 524.8A 

V base V3*110 



kjay^ytW 1— iljlaail ^ cr" 1 ^*^ £>rt>^ Aillkxll ^jaVl jJJ <*jj>j fJJ I^A 

Ig-S lilac jl (5±lu ^jltj <alii_all branches Jjj jUill I^a 8 Jiill 

Ja.1 J£ jLij 4ijx^ ja lilli i_i^JI jU 4 reduction 

jjIjJI CjLiuiLuiI s^jc jj^i <J£] 4 a 1 ialj Lgj^ dlU maJI a^A ^>*i (J-"=»_»aj (jjj 



(^Aj X J£ ^ jLJI Positive Sequence jLull 4aS jgij B9 Jlill <^a 
^ j^Jki Zero Sequence jUj jla JlalUj 4 j^Vl? (iUiSj per unit j sUa*^ 

.B10 JSAll 
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0.629 
330.5A 



>J24 



0.563 1.025 
295. 9A | < 538.1 4A I < J40 



0.0668 
35.05A 



J10 



J28 

-VvV 



0.562 
295.4A 



0.63 
330.9 



—9 VW 

Bus-X J40 



Bus-Y 



J18 



0.562 
295.4A 



Bus-D 



2.218 
1164A 



Positive Sequence Jl jUi B9 J^ill 



0.12 
(63.3A) 



Bus-A 




0.1089 
(57.1A) 



0.1089 
57.1A 



Bus-D 



2.218 
(1164.5A) 



Zero Sequence jUj BIO J^i 

Phase J] Sequence Currents Jl Jipj ^aj Sy^l SjLaJI ^aiij 
: jl J] JIjIIjj .7 j4j oV^UJI <jyJ=Sj <^ij ' Currents 



I a =Ii + I 2 +Iq = 6.66pu = 3493 A 
I b = a 2 II +a 1 2 + lo 



I c = a II + a h + Io 



-Ii + Io 
-Ii + Io 



(8) 
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(tS^L?- Jj*a^ 4_u^£]( AjUaJI ^Jaj 



. JJaxll 4_kaj Jjc I b = I c = ZerO 4jU Jtilbj Jia*]l 4_laaj .lift Ij _ Ig jl d 

tSJlij a£jj£3I gjja J 4!£0 Phases -SI Je ^J4^ £py ^ ^ f*i £ 

4_aja AhyiM liijl jl JliLall (Jju.i Jt .o-la. Jc. <J£ J 6 4j-}lxJI JjjfLjj 

Lyk La Y Jl A o- Phase-C J jUI jLull 

UJaj . Positive, Negative and Zero Sequence Jl olli^ J gpall li* J 
QjlLill jjxj . (-Ij + I 0 ) tjj\-^ Pgase-C J ^b^' jj* 8-4l}L*i] 

-289A = ( -295 + 6.1 ) tsj^ j\0 ^ u> BIO J£ill j B9 

.Bll Jijill J j,; hi j]l 4 ajSlI l^iij 

si* jSJj < Phases Jl <a\^ J £paVl ^IjLu L-iluiaJ ^ ■ ~ ij$a al ^tiaj ^;^S1^ 

• Lij.li IfrjL aa 1 |T 1"'^ ' -^tj jjj JVI L-LmlajL jxii 1 " 'I jl i aa II 

:4-aU cjllaaiL 

jii-a jlijluy W^l JS ^ J ' J^l ^ I c = I b = 0 jl iaa^ ( 1 

Jl (JJ^J Cjl£jLji« lilLiA jl ^- -la i ~W j£] ( £jLS Uaa. l-l^a i el)a.l <J£ J 

- olSjLlall si* g>»a_<i j£] 11- Jlill J L£ j£ j« JkaJI J phases 

(.3 BB-D Jc SJjajJI JiaJI 4^ .ijc. (j^jVl Jl 4ali JJaxll jlu jl JaaV (2 
JjJI jj£j ( _ s j11 Cjlka all .lift (jijjtill JalSj JDla. j-o 3<uMI J| Jjaj 

•Closed Circuit eli^all cjluAj j» ^jk* ja L£ Up] jjli Jtilbj 

j^j jl AJUJI o^A Ja (_KijVlj Ai^jj^i j£j J CjWjJIj Cj^ja-JI ji jl Jia.V (3 

^aljll J jaJ . Isolated System ^aj3L« SjjWI jV L^i Jkc. jLu 

JSill iajiaij S^UJI Stray Capacitance j L Jili. j« JJa*3l jlij jaj 

. 4 > >tjj^]| aJajll J (JiaxJI jlij 4 ajSj jjlii Vj Ij ;ir > .-i jj^J 4 jaj 
A, B , D CjUaa-a ^jc Cj^a-J] (j^ajjhll JalSj J ojLall Cjljliill Cix^a. jlj (4 

. jLnJI 4 Laj Jl ^ja. ^ill jLull LUj <_5jLij Ia: 
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L-iiLaj csjL-y Cili jJI £L»a. ^ Zero Sequence Currents £l ia-V (5 
L£ oIaj. JjJI ^ Delta Connection j <L-ajJI o^ja_a]l jja.j 

. Zero Sequence Currents jj_>a ja 

. Jja_»ll I^aj^j]! Phases j 
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